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PREFACE. 

The subjects of the following pages hav^e been 
taught orally at the Military Academy for many years ; 
but, for the saving of time, and the convenience of 
the pupils, it has been thought best to clothe them 
in a printed dress ; and as, in this form, the volume 
might be found useful in other schools, as an appli- 
cation of descriptive geometry to practical questions, 
It Was also thought well to have it published. 



ONE PLANE DESCRIPTIVE GEOMETEY 



AS APFUKD TO 



FORTIFIOATION DRAWING. 



1. The metliod now in general use, among military en- 
gineers, for delineating the plans of permanent fortifications, 
IS similar to the one which had been previously employed 
for representing the natural surface of ground in topograph- 
ical and hydrographical maps ; and which consists in projec- 
ting, on a horizontal plane at any assumed level, the bounding 
lines of the surfaces and also the horizontal lines cut from 
them by equidistant horizontal planes, the distances of these 
lines from the assumed plane being expressed numericaUy 
in terms of some linear measure, as a yard, a foot, &c. 

2. Plane of Reference or Comparison. The assum- 
ed horizontal plane upon which the lines are projected is 
termed ihjbplome of compaHson orplcme of reference ^ as it 
is the one to which the distances ot all the lines from it are 
referred, and as it serves to compare these distances with 
each other and also to determine the relative positions of 
the lines. 

3. References. The numbers which express the dis 
tances of points and lines from the plane of comparison are 
termed references. The unit in which tliese distances are 
expressed is usually the linear foot and its decimal divisions. 

As the position assumed for the plane of comparison is 
arbitrary, it may be taken either above or below every point 
of the surfaces to be projected. In the French military ser- 
vice it is usually taken above, in our own below tlie surfaces. 
The latter seems the more natural and is also more conveni- 
ent, as vertical distances are more habitually estimated from 
below upwards than in .the contrary direction. Each of 
these methods has the advantage of requiring but one kind 
of symbol to be used, viz : the numerals expressing the ref 
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csrences; whereas, if tht plane of compai-isoii were so taken 
that some of the points or lines projected should lie on one 
side of it and some on the other, it would be then necessary 
to use, in connection with the references, the algebraic sym- 
bols ^Ji^ or mmu8 to designate the points above the plane 
from those below it. 

As the distances of aU points are estimated from tlie 
plane of comparison, the reference of any point or line of 
this plane will therefore be zero, (0.0) ; that of any point 
above it is usually expressed in feet ; decimal parts of a foot 
being used whenever the reference is not an entire number. 
Wlien the reference is a whole number it is written with one 
decimal place, thus (25.0) ; and when a broken number with 
ai least two decimal places, thus (3.70), (15.63). In writing 
the reference the mark used to designate the linear unit is 
omitted, in order that the numbers expressing references 
may not be mistaken for those which may be put upon the 
drawing to express the horizontal distances between points. 

The references of horizontal lines are written along ana 
upon the projections of these lines. All other references 
are written as nearly as practicable parallel to the bottom bor- 
der of the drawing, for the convenience of reading them 
without having to shift the position of the sheet on which 
the drawing is made. 

This method of representing the projections of objects 
on one plane alone has given rise to a very useful modifica- 
tion of tne one of orthogonal projections on two planes, and 
has been denominated one plane desoriptive geonutry; the 
plane of comparison being the sole plane of projection ; and 
the references taking the place of the usual projections on a 
vertical plane. By this modification the number of lines to 
be drawn is less; the graphical constructions simplified; 
and the relations of the parts is more readily seized upon, 
as the eye is confined to the examination of one set of pro- 
jections alone. 

But the chief advantage of it consists in its application 
to the delineation of objects, like works of permanent forti- 
fication, where, from the great disparitjr of the horizontal 
extent covered and the vertical dmiensions of the p^rts, a 
drawing, made to a scale which would give the horizontal 
distances with accuracy, could not in most cases render the 
vertical dimensions with any approach to the same degree 
of accuracy; or, if made to a scale which would admit of 
the vertical dimensions being accurately determined, would 
require an area of drawing surface, to render the horizontal 
dimensions to the same scale, which would exceed the con- 
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venient limits of practice. Taking for example an ordinary 
scale used for drawing the plans of permanent fortifications 
of one inch to fifty feet^ or the scale ^ J^, the details of all 
the bounding surfaces can be determined with accuracy to 
within the fractional part of a foot, whereas a vertical pro- 
jection to the same scale would be altogether too small for 
the same purposes. 

4. Point and Right line. To designate the position 
of a point, PI, 1, Fig. 1, the projection of the point. and its 
reference are enclosed within a bracket, thus (28.50). This 
expresses that the vertical distance of the point from the 

?lane of reference is 28 feet and fifty-hundredths of a foot. 
*he position of a right line oblique to the plane of reference 
is designated by the projection ot the line, and the references 
of any two of its points. Thus in Fig. 1 the points a and 
J, upon the projection of the right line, with their respective 
references (25.15) and (28.50), determine the position of the 
\aih with respect to the plane of reference. 

MThen the line is horizontal, or parallel to the plane of 
reference, its projection, with the reference of one of its 
points, will be suflScient to designate it, and fix its position 
with respect to the plane of reference. Thus in Fig. 1 the 
reference (25.15), written upon the projection of the line, 
expresses that the line is horizontal, and 25.15 feet from the 
plane of reference. 

5. For the convenience of numerical calculation, the po- 
sition of a line, with respect to the plane of reference, is 
often expressed in terms of the natural tangent of the angle 
it makes with this plane ; but as this angle is the same as 
that between the line and its projection, its natural tangent 
can be expressed by the difference of level between any two 
points of the line, divided by the horizontal distance between 
the points. Now, as the difference of level between any 
two points of the line is the same as the difference of the 

. references of the points, and the horizontal distance between 
them is the same as the horizontal projection of the portion 
of the line between the same points, it follows, that the nat- 
ural tangent of the angle which the line makes with the 
plane of reference is found hy dividing the difference of the 
references of the pointa hy the distcmce m horizontal prqjec- 
iton between them. 

The ^nilgar fraction which expresses this tangent is term- 
ed the iri'ChnaUon^ or decli/oit/y oi the line. Thus the frac- 
tion \ would express that the horizontal distance between 
any two points is six times the vertical distance, or difference 
of their references ; the fraction |, that the vertical distance 
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I)ttr\veen any two points is two-thirds the horizontal distaace ; 
the denomMidtor of thefraxMon^ in all cases, representmg 
the number of paHs m horizontal prcject/ion^ ana the Tvame- 
rotor the correspondmg numher oj^ parts in vertical distance. 

When the position of a line is designated in this way, it is 
gaid to be a line whose inclination or declivity is one-sixth, 
two-thirds, ten on one, &c., or simply, a line of one-sixth^ <fcc. 

6. Having the declivity of a line, the difference of refer- 
ence of any two of its points, the projections of which are 
given, will be found by multiplying the horizontal distance 
between them by the fraction which expresses this declivity ; 
in like manner the horizontal distance of any two points 
will be obtained by dividing the difference of their references 
by this fraction. 

To obtain therefore the reference of a point of a line, 
having its projection, the horizontal distance between it and 
that of some other known point of the line must be deter- 
mined from the scale of the drawing by which the horizontal 
distances are measm-ed ; this distance expressed in numbers, 
being multiplied by the fraction which expresses the declivity 
of the line, will give the difference of reference of the two 
points ; the reqmred reference of the point will be found by 
subtracting this product from the reference of the known 

I)oint, if it is higher than the one sought, or adding if it is 
ower. Thus let (25.15) be the reference of a known point 
higher than the one sought; the horizontal distance between 
the points being 36.75 feet, and the inclination of the line 
yV ; then 35.75 x yV = 3.575 will be the difference of refer- 
ence of the points, and 25.15 — 3.575 = 21.575, the required 
reference. The converse of this shows that the horizontal 
distance between two points on this line whose difference of 
reference is 3.575 will be 3.575-7-tV=35.75 feet. 

7. When the projection of a line is divided into equal 
parts, each of which corresponds to a unit in vertical dis- 
tance, and the references of the points of division are written, 
it is termed the scale ofdedimty of the line. In constructing 
the scale of declivity of a line, the entire references are alone 
put down ; one of the divisions of the equal parts being sub- 
divided into tenths, or hundredths if necessary, so as to give 
the fractional parts of the references corresponding to any 
fractional part of an entire division. 

8. The true length of any portion of an oblique line be- 
cween two given points is evidently the hypothenuse of a 
right angle triangle of which the other two sides are the dif 
ference of reference ot the points, and their horizontal dis 
tance. 
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9. Plane. The position of a plane oblique to the plane 
of reference may be determined either by the projections and 
references of three of its points ; by the projections and de- 
clivity of two lines in it oblique to the jplane of reference, 
or by the projection of two or more horizontal lines of the 
plane with their references. 

The more usual method of representing a plane is by the 
projections on the plane of reference of the horizontal lines 
determined by intersecting it by equidistant horizontal planes. 
These projections are termed honzonials of the plcme^ those 
usually being taken the references of which are entire numbers. 

10. If in a given plane a line be drawn perpendicular to 
any horizontal line in it, the projection of^this line on the 
plane of reference will be also perpendicular to the projec- 
tions of the horizontals. The angle of this line with the 
plane of reference is evidently the same as that of the given 
plane with it, and is greater than the angle between any 
other line drawn in the plane and the plane of reference. 
This line is, on this account, termed the line of greatest de^ 
oMviiy of the plane. 

11. If the scale of declivity of the line of greatest de- 
clivity be constructed^ it will alone serve to fix the position 
of the plane to which it belongs, and to determine the refer 
ence of any point of the plane of which the projection is 
given. For since the horizontals are perpendicular to the 
scale of declivity, the point where the horizontal drawn 
through the given projection of a point in the plane cuts 
this hne will determine upon the scale the reference of the 
horizontal, and therefore that of the point. 

12. The inclination or declivity of a plane with the plane 
of reference may be expressed in the same way as the incli- 
nation of its line of greatest declivity. Thus a plane of one- 
fourth^ a plame oj twenty on one; a plaofie of two-thirds^ 
express that the natural tangents of the angle between the 
phmes and the plane of reference are respectively represent- 
ed by the fractions |, -V'j ^^^ !• 

13. The horizontal distance between any two horizontal 
lines in a plane, the angle of which is given, can be found 
in the same way as the horizontal distance between two 
points of a line, the inclination of which is given. Art. 7, 
by dividing the difference of the reference of the two hori- 
zontal lines by the fraction representing the declivity of the 
plane ; in like manner the difference of references of any 
two horizontal lines will be obtained by multiplying their 
horizontal distance by the same fraction. 

14. To distinguish the scale of decUvity, P\. 1, F^g. % 
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fiom any other line of a plane, it is always represented by 
two fine parallel lines, drawn near each other, and crossed 
at tlie points of division, where the references are written, 
by short lines which are portions of the corresponding hori- 
zontals. 

With the foregoing elements the nsual problems of tlie 
right line and plane can be readily solved. 

15. Problems of the Right Iiine and Plane. 
Prob. 1, PI. 1, Fig, 3. Hamvng the vrqjectiona cmd refer 

cncea of tuoo lines that intersect , to find the angle between tnem. 

Let cib be the projection of one of the lines, the refer- 
ences of two of its points (10.30) and (4.90) being given 
cd the projection of the other line, (10.30), and (5.0) being 
the references of two of its points; (10.30) being the point 
of intersection of the two lines. 

Find on each of the lines. Art. 7, a point having the 
same reference (7.0). The line joining these two points 
wiU be horizontal, and projected into its true length ; taking 
this line as the base of a triangle of which the other two sides 
are respectively the true lengths of the portions of the two 
given lines projected between (10.30) and (7.0), Art. 7, Ihe 
angle at the vertex will be the one required. 

16. Prob. 2, Fig. 4c. Through a point to drcm a line 
pa/taUd to a gvoen line. 

Let (7.50) be the projection of the point ; ab that of 
the given line of which the two points (7.0) and (9.0) are 
known. 

Through c drawing cd parallel to aJ, this will be the 
projection of the required line ; and as its declivity is the 
same as that of the given line, it will be only necessary to 
set off from c towards dj the same distance as between (7.0^ 
and (9.0), to obtain a point (9.50) as far above (7.50) as (9.0) 
is above (7.0). 

17. Proa. 3, Fig. 5. Through a point vn aplomb to draio 
a Une in the plane with a given inclination. 

Let cd be the scale of declivity of the given plane, and 
a (5.50) the given point ; and suppose, for example, that the 
declivity of the plane is } and that of the required line is j\. 

Draw the horizontal of the plane (5.50) which passes 
through the point, and any other horizontal, as (7.0). The 
projection of the required fine will pass through a, and the 
portion of it between the two horizontals will be equal, Art. 
6, to the difference of their references, or 1.5 ft. divided by 
the fraction which represents the inclination of the required 
line. Describing, therefore, from »*, an arc, with this dis- 
tance ac or 1.5 -7- yV = 15 ft. as a radius, and joining the 
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point 5, where it cnts the horizontal (7.0), with a, this will 
be the projection of the required line. 

18. Prob. 4, Fl. 1, F^g. 6. Hwomg three pomts of a 
plcmey to constnruct its horizontals a/nd scale ofdecUimty. 

Let a (12.0), h (15.25;, ^nd c (15.50), be the projections of 
the three points. Join a with the other two, and construct 
the scales of declivity of the lines of iunction. Art. 6. The 
lines joining the same references on these two scales will be 
horizontals of the required plane. Its scale of declivity is 
constructed by drawing two parallel lines perpendicular to 
the horizontalB, and writing the references of the points 
where they intersect the horizontals. 

19. Prob. 5, PI. 1, Fig. 7. To jmd the horizontala of 
a pkme passed thorough a gi/oen Ime amd pa/raUeL to am>otheT 
Ime. 

Let ab and cd be the projections of the two lines. From 
a point (10.0) on cd draw a line c^^ Prob. 2, parallel to ah; 
and bv Proh. 4 find the horizontals of the plane of df and 
cd; these will be the required horizontals. 

20. Prob. 6, PI. 1, Fig. 8. To fmd the horizontals of a 
ylams the declimty of which is gwen^ amd which passes 
through a giA)en Une. 

Let bd be the scale of declivity of the given line, and 
suppose, for example, the declivity of the line to be Jy and 
that of the required plane to be j. 

Since the horizontals of the plane must pass through the 
points of the line having the like references, and as the dis- 
tance in projection between any two of them. Art. 13, will 
be equal to the difference of their references divided by the 
fraction giving the declivity of the plane, it follows that to 
find the one cfrawn through h (14.0), for example, it will be 
ftimply necessary to describe from any other point, as a 
(12.0), an arc ol a circle, with a radius of 12 ft., equal to 
the quotient just mentioned, and to draw a tangent to this 
arc from b. If any other horizontal, as (16.0), is required, 
which would not intersect the projection of the given line 
within the limits of the drawing ; any two points, as (12.0) 
and (14.0), for example, may be taken as centres, and two 
arcs be described from them, with radii of 12 and 24 ft., 
calculated as above, and a line be drawn tangent to the 
arc ; this tangent will be the required horizortal. 

21. Prob, 7, PI. 1, Fig. 9. Saving either ihehorizontals 
or the scales of declivity of two planes^ to jmd their intersec* 
tion. 

Join the points ah where any two horizontals, as (12.0) 
and (14.0), in one plane intersect the corresponding horizon- 
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tals of the other, and the line so drawn will be the proje BtaoB 
of the required intersection. 

22. W hen the horizontals of the two planes are parallel . 
or when they are so nearly parallel that their points of in- 
tersection cannot be accurately found, the following method 
may be taken : Draw any two parallel lines as cd^ c'd\ PI. 
1, Fig. 10 ; these may be considered as the horizontals of an 
arbitrary plane, and having the same references, (12.0) and 
(14.0), as the two corresponding horizontals in each of the 
given planes. The intersections of the horizontals of the 
arbitrary plane with those of the given planes will determine 
two lines, m?^, rn!n\ which, being the projections of the in- 
tersections of the given planes with the arbitrary plane, 
will, by their intersection o, determine the projection of a 
point common to the three planes, and therefore a point of 
the projection of the intersection of the two given planes. 
Assuming any other two parallels aJ, a'h\ as the horizontals 
of another arbitrary plane ; finding in like manner the point 
c> and joining o and of by a line, this will be the required 
projection. 

When the horizontals of the two planes are parallel, one 
point, as o^ will be suflScient to determine the required pro- 
jection, as it will be parallel to the horizontals. 

23. Prob. 8, PI. 1, Fig. 11. Tojmd where a given Une 
pierdes a given plcme. 

Through the projections of any two points of the given 
line, as m\ n\ having the same references, (12.0), (14.0), as 
two horizontals of the eiven plane, draw two parallel lines, 
a&, a'i\ which may be taken as the horizontals of an arbitrary 
plane. The projection of the line of intersection, mny oi 
this plane with the given plane being determined by Prob. 
7, the point o where it intersects the projection of the line 
m^n' will be the projection of the required point, the refer- 
ence of which can be found from the scale of the plane. 

24. Prob. 9, PL 1, Fig. 12. To draw from a given 
point a perpena/icvlar to a given plane^ and jind its length. 

Let a (12.0) be the projection of the given point ; and 
let the given plane be represented by its scale of declivity. 

The projection of the required perpendicular will pass 
through a, and be parallel to the scale of declivity of the 
given plane. The angle which it makes with the plane of 
reference is the complement of that between this plane and 
the given plane ; its tangent therefore will be the reciprocal 
of the tangent of that of the given plane. 

Drawing therefore through a the line ac parallel to &?, 
and constructing its scale of declivity, Art. 7, this will be 
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tlie projection of the required perpendicular. The projec' 
tion of the point o where it pierces the given plane is found 
by Prc^. 8, and the true length of tl.e perpendicular by 
AH. 8. 

25. Geometrical and Irregular Surfaces. 

All other surfaces may, like the plane, Art. 7, be repre- 
sented by the projections on the plane of reference of the 
curves or lines cut from them by equidistant horizontal 
planes, together with the references of these curves ; as many 
of these projections being drawn as may be requisite to de- 
termine all the points of the surface with accuracy ; and 
their references being written in the same way as those of 
the horizontals of a plane. 

In the more simple geometrical surfaces, a single hori- 
zontal curve, with the projection of some point or line of 
the surtace, will alone suffice. For example, the cone may be 
represented by the projection and reference of any curve cut 
from it by a horizontal plane, with the projection and refei 
ence of its vertex ; a cylinder by the projection and reference 
of a like curve, with the projection and reference of its axis, 
or of one of its right line elements ; a sphere by the projec- 
tion and reference of its centre and that of its great circle 
parallel to the plane of reference. 

26. This method of projection is more particularly ad- 
vantageous in the representation of irregular surfaces which, 
like the natural surfaces of ground, for example, are not sub- 
mitted to any geometrical law, and in solving the various 
problems of tangent and secant planes to surfaces of this 
character. These surfaces can, for the most part, be alone 
represented by the projections of the horizontal curves cut 
from them by equidistant horizontal planes, and by suppos- 
ing the zone of the real surface contained between any two 
horizontal curves to be replaced by an artificial zone, sub- 
jected to some geometrical law of generation, which shal 
give an approximation to the real surface sufficiently accu- 
rate for the object in view. The usual method of doing this 
is to take two consecutive horizontal curves as the directrict?a 
of the artificial surface of the zone, and to move a right line 
BO as to continually intersect each of them, and be perpen- 
dicular to the consecutive tangents to one of them, the upper 
one being usually taken for tms last condition. 

If in PI. 1, JFig. 13, for example, (6.0), (7.0), &c., are the 
projections of the horizontals of a surface, the zone between 
the curves (6.0^ and (7.0) may be replaced by an artificial 
Burface, the position of the projection of the generatrix of 
which, at any point of the upper curve (7.0), will be deter- 



10 ONE PLAITH DESOBIFTIVX <;^QOaCSTRT. 

mined by constructing the horizontal tangent at that point 
as a, for example, ana drawingoJ perpendicular to it and 
intersecting the lower curve. The position of the generatrix 
a'V at any other point a' is constructed in like manner. 

27. Ix) obtain any horizontal of the artificial zone intei^ 
mediate to. the two directrices, it will be only necessary to 
construct several positions of the generatrix, and to find on 
these thejpoints having the same reference as the required 
curve. Tne horizontS of the surface (6.60), for example, 
will bisect the projections of the generatrix in its various 
positions. 

Problems of Irregular Surfaces and the Right 
Line and Plane. 

28. Prdb. 10, PI, 1, Fig. 14. Through a given poirU m 
a vertical plcme which intersects a swrface^ to wraw a tcmgeni 
to the curve of imtersectnon of theplcme cmd surface. 

Let a (5.50) be the given point, and ab the trace on the 
plane of reference of the given plane. The points where 
this trace intersects the horizontal curves of the surface will 
be the projections of points of the curve cut from the surface 
by the plane. 

Let any arbitrary line as oo be now drawn through a, 
and its scale of declivity be constructed; and let lines be 
drawn between the points having the same references on ac 
and on the horizontal curves where ab intersects them. These 
lines will be theprojections of horizontal lines and will gen- 
erally make diflterent angles with a^. The one as (7.0), 
which makes the smallest angle with it, towards the descend- 
ing portion, will determine Sie projection o of the tangential 
point. For, construct the scale of declivity of the line of 
which a (5.50) is the projection of one point, and o (7.0), on 
a&, another. Comparing now the references of the points 
on the line, and which is assumed as the projection of the 
reqm'red tangent, with the references of the points of the 
curve having the same projection, it will at once be evident 
that these two lines have only the point projected in ^7.0) in 
common, and that every other point of the right hue, of 
which (wb is the projection, is exterior to the curve, and 
therefore the line itself must be tangent to the curve at the 
point determined as above, 

29. Prcb. 11, PI, 1, Fig. 15. To construct the elemente 
of a conCy with a given vertex^ which shall en/velope a given 
iurface. 

Let (10.0\ &c., be the horizontals of the given surface 
and a (6.0) tne projection of the vertex of the cone. 

From a, draw unes db^ dh\ &c., as the horizontal traoei 
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of vertical planes which pass through the vertex and inter 
sect the snrface. Construct, by Pr(^. 10, the tangents from 
a to the curves cut from the surface by the planes oJ, &c 
These tangents will be the required elements. 

30. Prob. 12, PI. 1, Fig. 15. Tojimd the curve of^ inr 
tersection of a cone en/odopvng a gwen smface hy a horizon' 
ial plane. 

Let (9.0) be the reference of the given horizontal plane. 
Having found, by Probs. 11 and 12, the elements of the cone, 
and constructed the scale of declivity of each one ; then 
joining the points o, o'^ o'\ having the same reference on 
each scale as the given horizontal plane, a continuous line 
mo'^o'on will be obtained, which will be the projection of 
the points where the elements pierce the given plane, and 
therefore the projection of the required intersection. 

31. Prob. 13, PI. 2, Fig. 1. A limited extent of fwrface 
bemg gwen^ and ajmnt exterior to it^ tpimd the Undts wiihr 
in, which planea may be passed through this point amd Ue 
above aU the given sv/rface. 

Let a (8.0) be the projection of the given point ;• (10.0), 
(9.0), &c., the horizontals of the given surface, the limits of 
which are the sector contained within the arc BDC^ and 
the two radii aB and aC. 

Taking a as the vertex of a cone which shall envelope 
the given surface, the elements of this cone can be found by 
Probs. 11 and 12. Any plane tangent to this cone, which 
does not intersect the surface within the given limits, will 
satisfy the conditions of the problem. 

Irom the position of the vertex of the cone with respect 
to the surface, it will be seen that a horizontal plane, passed 
through the vertex, will cut from the cone two elements 
which will be projected in the two horizontals ah' and aJ" 
(8.0^ of the cone, the iSrst of which will be tangent to the 
horizontal (8.0) of the surface, and the second ab'^ will 
pierce the surface, where the limiting arc BDG cuts the 
same horizontal (8.0) ; and that all the elements projected 
within the angles Bah' and Cab" will lie below the hoiizon- 
tal plane (8.0). Now, if the elements within these angles 
be prolonged beyond the vertex, they will form two portions 
of cones having the same elements as the portions below the 
vertex, and it is evident that any plane passed tangent to 
either lower portion, as VaB^ witnin one of these angles, 
will leave this portion below it, and the corresponding por- 
tion, formed by the prolonged elements, above it ; and, in 
order that this plane shall satisfy the conditions of the prob- 
lem, it must also leave the portions of the cone within the 
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angles J'«J", and J"a(7, also below it. The same reascmmg 
ai)plies to planes passed tangent to the portions of the cone 
within each of the other two angles. E is therefore evident 
that a plane, which shall satisfy the conditions imposed, 
must leave all that portion of the cone which lies above liie 
horizontal plane (8.0) through the vertex, below it, and all 
the prolonged portions, corresponding to the portions below 
the plane (o.O), above it. 

To find any such plane, let the cone be intersected by a 
horizontal plane, as (9.0), by Prob, 12. This plane will cut, 
from the portion of the cone within the angle Vah'\ a curve 
of which non' is the projection ; the two extreme points of 
this curve, within the limits, being at the points vm!^ where 
the horizontal (9.0) of the surface cuts the limiting arc ; it 
will also cut, from each of the prolonged portions, a curve, 
the one Tnr^ and the other m!r' ^ the extreme point m oi rm 
beiuff on the prolongation of the extreme element' aC, that 
wf of the other on the extreme element aB^ on the other 
side, prolonged. Having obtained these three curves, let 
tangent lines, m8. m!s\ be drawn, from the points m and 7ii\ 
to the curve non . A plane passed through either of these 
tangents and through tne corresponding element of the cone 
OB or m\ drawn through the tangential point, will be a tan- 

iljent plane to , the cone ; and as either of these planes will 
eave the curve ncm! on one side of it, and the two curves 
WW, and m'r\ on the other, it will leave all the portion of 
the cone corresponding to the first curve below it, and the 
portions corresponding to the other curves above it ; and 
will therefore satisfy the required conditions. The same will 
hold true for any tangent plane to the cone along any ele- 1 
ment drawn between the points a and «'/ since the tangent 
drawn to any point of the curve non\ between the points s 
and 8\ will leave this curve on one side of it, and the other 
two, rwr and m!r\ on the other. 

32. Prob, 14, PI. 1, Fig. 16. Through a given Ime to 
pass a jplane tangent to a sv/rface. 

1st. Let db be the projection of the given line, and (10.0), 
(9.0), &c., the horizontals of the surface. From the points 
on the line, as (10.0), &c., draw lines tangent to the horizon- 
tals having the same references.; the tangent which makes 
with the projection of the line the least angle towards the 
descending portion, will, with the line, determine the requir 
ed plane. 

Tor, let the tangent (10.0) be the one which makes with 
dft the. least angle ; from the other points, (9.0), &c., of ah 
draw lines parallel to the tangent (10.0) ; these lines will lie 
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in the plane that contains this tangent and ab^ and will be 
horizontals of this plane ; they also lie respective!;^ in the 
planes of the horizontals (9.0), (8.0), &c., of the surface, but, 
since they fall exterior to these horizontals, it follows that 
their plane also lies exterior to every horizontal curve of the 
surface, except at the curve (10.0), and where it touches the 
surface at the point of contact of its horizontal (10.0) with 
this curve. 

2d. When the line aJ, PI, 1, Fig. 17, is horizontal, let 
tangents be drawn to the horizontal curves and parallel to 
ab. These tangents may be regarded as the elements of a 
cylinder which envelops the surface, the tangent plane to 
which wiU be tangent to the surface. To find the element 
of contact of the plane and cylinder, let the cylinder and 
given line be intersected by an arbitrary vertical plane, of 
which od is the trace. I^rom the point o^ (6.5), where the 
line pierces this plane, let a tangent line be drawn to the 
curve cut from the cylinder by the plane, by Prob. 10. The 
point of contact will determine the position of the element 
of the cylinder along which the plane, through ah^ wiU be 
tangent ; since the tangent to the curve projected in od^ with 
the line ah^ will determine the tangent plane to the cylinder. 

3d. When the line ah^ PL 1, Fig. 18, is so nearly hori- 
zontal that tangents cannot be drawn from its points, within 
the limits of the drawing, to the horizontal curves. Let any 
point of the line, as o, (7.0), be taken as the vertex of a cone 
enveloping the surface ; a plane passed through the line and 
tangent to the cone will be tangent to the surface. 

Find, by Probs. 10 and 11, the projection 7nrn of the 
curve cut from this cone by the horizontal plane (8.0) ; from 
the point (8.0) of ah draw a tangent to mm. This tangent, 
with the line «J, will determine the required plane. 

33. Prob. 15, PI. 1, Fig. 19. To find ajppTOximatdi^ 
the voiM where a given right line pierces a surface. 

Let (8.0), (9.0), &c., be the horizontals of the surface, and 
df the scale of declivity of the line. Through any two 
points, as a (9.0) and c (8.0), draw two parallel fines, as am 
and cn^ which may be taken as the horizontals 'of an arbi- 
trary plane passed through the given line. Joining the 
points m, n where the horizontals of the arbitrary plane in- 
tersect the corresponding horizontals of the surface, this 
line m^n will be the approximate intersection of the plane 
with the zone of the surface between the horizontals (8.0) 
and (9.0), and the point o where mn intersects df will be 
the approximate point required. 
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34. Prob. 16, PI. 1, Fig. 20. To find the mUrsecUan 
of a plcme cmd surface. 

Let (10.0), (9.0)j^ &c., be the horizontals of the Burface, 
ef the scale of declivity of the plane. 

Draw the horizontals of the plane having the same refer- 
en(^es as the horizontals of the surface, the points of inter- 
section of the corresponding lines will be the projections of 
points of the required intersection. 

When it is desired to find a point of the curve of inter- 
section intermediate to two horizontal curves ; if the refer- 
ence of the required point is fixed, it will be necessary to 
construct, Art 27, the horizontal of the surface, and the 
horizontal of the plane having this reference; their intersec- 
tion will give the projection of the required point. If the 
reference of the required point is not nxed, draw any gene- 
ratrix, as ac of the zone on which the required point is to be 
found, and by Prob, 8, Fig. 11, find the projection of the 
point, as o^ where ac pierces the given plane ; this will be 
the required point. 

35. Application of Preceding Problems. 

The following problems will aid as illustrations of the 

S receding subject in its application to the determination and 
elineation of lines and surfaces. 

36. P7*oh. 1, PL 2, Fig. 2. Theplcme of site of a work^ 
the exterior Ime a/nd scale of declivity of its terre-plein being 
given; to construct the plane of the rampart-slope amd its 
foot; also a ramp of a given inclination along the rampa/iir 
slope leading from the pkme of site to the terreplein. 

Let a (74.50) and b ^76.0) be the references of two points 
on the exterior line of the terre-plein, and mn its scale of 
declivity ; let the rampart-slope be -f, the declivity of the 
ramp ^, its width 4.30 yards ; and the plane of site be hori- 
zontal and at the ref. (60.0). 

The foot of the rampart-slope lying in the plane of site 
will be horizontal, and will be determined, Prob. 6, Fig. 8, 
by finding the line of the slope at the ref. (60.0). 

Having the two bounding lines of the rampart-slope, the 
inner line cd of the ramp is constructed, by assuming a 
point (?, on the foot of the rampart-slope, as the point of 
departure, and determining the line of \ drawn from c on 
the rampart-slope by Prob. 3, Fig. 5. Having found this 
line, which is also the line of greatest declivity of the ramp, 
the exterior line ef of the ramp is drawn parallel to it, and 
at a distance 4.30 yds., equal to the width assumed for the 
ranrp. The horizontals of the ramp will l)e perpendicular 
to these two lines. The foot of the ramp, ce^ will be a hop 
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LZt3ntal line, drawn througt tlie point of depart ai*e, Th6 
top of it, df\ will be determined by Prob, 7, Fig, 9, by find 
inff the intersection of the ramp and the terre-plein, one 
point of which will be the point d (76.30), the intersection 
of the inner line of the ramp and the interior line of thr 
teiTe-plein. 

The ramp is terminated on the exterior, by passing a 
plane througn its exterior line ef having the same slope as 
the rampart-slope. This plane will intersect the plane of 
site in a line parallel to the foot of the rampart-slope, and 
the terre-plein in one parallel to the exterior line of the 
terre-plein. 

37. Prob. 18, PI. 2, Fig. 3. Having given the lines of 
thepa/rwpet of a work and tlie scales of declivity of the planes 
of%ts interior crest and terre-plein^ to determine tlie lines and 
iurfaacs of a ha/rhette in its salient for five guns. 

Let do be the scale of declivity of the plane of the interior 
crest, which, as the terre-plein is parallel to the plane of 
the interior crest and 8 feet below it estimated vertically, 
will also serve as the scale of declivity of the terre-plein, ny 
subtracting 8 feet from the references of the former to obtain 
the corresponding references of the latter. Having con- 
structed a pancoup6 of 4 yds. in the salient, find the intersec- 
tion of the top surface of the barbette, which is horizontal 
and assumed on the drawing at the reference (82.75) with 
the planes of the interior slope, this inters3ction will deter- 
mine the foot of the genouillere of the barbette. From this 
last line at the pancoupe set back along the capital a distance 
of 8 jrds., and from the extremity of this line draw a per- 
pendicular to the interior crest of each face. The pentag- 
onal figure thus marked out will be the space for the gun in 
the saEent. . From the foot of each of the perpendiculars 
set off along the faces distances of 12 yds. for the lengths 
along the interior crests to be occupied by two guns on each 
side of the salient. Setting back from the extremities of 
these two last distances perpendiculars to the interior 
crest -of 8 yds. and drawing Knes through the extremities of 
these perpendiculars parallel to the interior crests, they with 
the two perpendiculars will mark out the exterior bounding 
lines of the barbette. Bv passing planes of \ or 45° through 
these exterior lines, and finding by Prob. 7, Fig. 9, their in- 
tersections with the terre-plein, these lines will be the foot 
of the barbette slopes. A ramp having a slope j leads from 
the terre-plein to the top of the barbette ; the width of this 
ramp is 3.30 yds., its interior line in projection being on the 
prolongation of the foot of the banquette slope. The ramp 
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is tenninated by side slopes of |, the intersections of "wliich 
with the terre-plein and the slopes of the barbette and ban- 
quette are found by Prd>. 7, Fig. 9. The foot of the ramp 
or its intersection with the terre-plein is also found by the 
same problem. 

As the tojp surface of the barbette is horizontal, it may 
oe necessary in some cases to make the interior crest along 
the barbette rJso horizontal, in which case the superior slope 
of the parapet along the barbette being higher than the 
rest of it, the two planes will be connected by a plane of 
45^, as at G. 

38. Prob. 19, PI. 2, Fig. 4. To determine the houndimg 
surfaces of a ramp leadvng uj^ am, irregvla/r surface amd so 
placed that its axis or centre line shall nearly coincide with 
the irregul'O/r s^irface. 

Let (8.0), (9.0), &c., be the horizontal curves of the sur- 
face, and let a (8.0) be the point of departure or foot of the 
ramp. Assuming the declivity of the ramp ^, for example, 
from a, with a radius of 9 umts, describe an arc, and loin 
by a right line the point h where it cuts the horizontal (9.0) 
with the point. Repeat this construction from J to c on the 
horizontal (10.0) ; and so on to the top e or point of arrival. 
The broken line Or-h-c-drC will be the projection of the axis. 
Bat, to avoid the angular changes of direction, the straight 
portions of the axis may be connected at the angular points, 
by setting off from J, for example, the equal distances Ja', 
hG\ and connecting these points by an arc of a circle tangent 
to the straight portions. The same construction being re- 
peated at the other angular points, the broken line wul be 
replaced by the sinuous line aa'c\ &c., as the axis. Having 
determined the axis, the exterior and interior lines of the 
top surface are drawn parallel to the axis, and a-t a distance 
from it equal to half the assumed width of the ramp. 

From the position of the axis the exterior half of the 
ramp will be in embankment and the interior in excavation. 
To determine the side slopes of the embankment pass planes 
through the straight portions of the exterior edge of the 
ramp, and find by Prob. 6, PI. 1. Fig. 8, the horizontals of 
these planes, and by Prob. 16, Fig. 20, the intersections of 
these planes with the irregular surface. The plane surfaces of 
the side slopes thus determined are connected by curved sur- 
faces which pass through the curved lines of the exterior edge. 
These surfaces may be determined as follows : Take, for ex- 
ample, the point n at the foot of the plane side slope A where 
it cuts the radius through a' prolonged, of the arc a'c'; and 
the point o on the radius through (?"where it cuts the foot of 
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die plane side slope B. The lines of which w-y an J ow are 
the projections will evidently have the same inclination, and 
they may be assnmed as the lines of jimction of the plane 
slopes A and B and the curved side slope a?. This curved 
side slope may then be generated by the motion of a right 
line which has the top line of which vu is the projection for 
its directrix, whilst in its motion it makes a constant angle 
with the plane of comparison, and its projections are con- 
stantly normal to the arc "ou. From the construction com- 
prising these conditions the foot no of the curved portion x 
of the side slope is determined. The same constructions are 
repeated to obtain the portions G of the plane, and y, 2 of 
the curved side slopes, with the line m^n-o-p-q-r-s the foot of 
these slopes. 

The side slopes of the part in excavation A\ B\ C and 
a?', y' with the line Tn/^-o^-p'-q'-r' are determined by like 
constructions. 

The portions of the top surfaces of the ramps bounded 
by the arcs of circles are helicoidal surfaces, of which the 
axis is the directrix and the plane of comparison the plane 
director. 

The curved surface side slopes are also evidently helicoi- 
dal surfaces, the directrices 01 which are the curved lines 
above mentioned, and the vertical lines through the centres 
of the arcs which are the projections of those curved lines. 

Remarks. In the figure the declivity of the side slopes 
of the embankment is one-half the excavation. The decliv- 
ities of the curved portions of the top are greater than those 
of the plane surfaces, the difference depending on the angle 
between the straight portions of the axis. 

39. Observations on the best mode of executing 
Drawings. 

Accuracy. The first requisite in all drawings is minvte 
accuracy, both in the geometrical constructions, and in writ- 
ing down all letters and numbers which serve either as ref- 
erences, or to give dimensions. To attain this, so far as 
regards the geometrical part, judgment is to be exercised in 
the selection of the means for establishing on the drawing 
the positions of the various points which are either given or 
to be found ; as one method although in theory as correct as 
some other may not, in practice, be found to yield as satis- 
factory results. The following remarks will serve to illus- 
trate this point : 

1st. In setting off from a scale of equal parts several dis- 
tances, along a line, whether equal or unequal, the most ac- 
curate method is to commence by first settmo; off the entire 

2 ^ 
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distance, and then the several parts ; taking care to Tcriij^ 
from the scale, the aggregate of the several partial distances : 
thns in the example I^L 2, Fig. 5, where tne aggregate oi 
all the partial distances is 60.33 feet, commence oy setting 
off the entire distance 60.33 feet ; next 50.33, wliicli is the 
sum of the two distances 20' and 30'.33, then verify the to 
maining 10' by the scale. 

2d. When a distance to he set cff is so smdlZ that it can- 
not be laid down with accuracy by the points of the dividers, 
the following method may be employed : set back, from the 
point from which the required distance is to be set oflF, any 
arbitrary distance, then set forward, from this last point, a 
distance equal to the sum of this arbitrary distance and the 
one required ; thus in PI. 2. Fig. 6, where 2' is to be set off 
from a towards c, set back firom a say 30' to J, then from I 
32' toe. 

3d. To set off a point at a given jperpendicvlar distance 
from a Une^ it will mostly be found more speedy, and more 
accurate, to take off from the scale the given distance, in 
the dividers, and, setting one point on the paper, bring the 
other so that the arc described by it, with the given distance 
as a radius, shall be tangent to the line, than to employ the 
usual method of first erecting a perpendicular to the line 
and then setting off the reqnired point along the perpendic- 
ular ; thus in Pi. 2, Fig. 7, wishing to set off c at 20' from 
aJ, take 20' in the dividers, and, by the eye, find where one 
point must be placed so that the other describing an arc will 
touch ah. This method will be found convenient in drawing 
a parallel to a line at a given distance from it by setting on 
another point in the same way, and drawing through the 
two the required parallel. 

4th. In setting off several points for the purpose of draw- 
vng several pard&ls to a gi/ven Une^ as, for example, the par- 
allel lines which bound the planes of a parapet, it will be 
found most speedy and accnrate to draw first upon a slip of 
smooth thin paper two lines perpendicular to each otner, 
then marking on one of the lines the respective given dis- 
tances of the parallels from the other, and cutting the paper 
close to the line along which the given points are marked 
off, so that the strip wnen laid upon the di'awing so as to 
have one of its lines to coincide with that to which the par- 
allels are to be drawn, their distances from it can be pricKcd 
off by a sharp pointed pencil, or in any other way. In PI. 
2, Fig. 8. aJ is the line of the drawing ; A the strip of paper, 
/(?, fd^ fe^ &c., the distances at which the parallels are to be 
drawn from aJ, marked off on the edge of -4 perpendicular 
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to the line f^ which line when A is laid on the ditmiig, 
Bhould coincide with aih. If the line ah is somewhat long, it 
will be better to set off these points near each of its extrem- 
ities and join them by lines, than to draw the parallels in the 
usual wayby aid of the ruler and triangle. 

5th. Wlien a jpoint is to he constructed hy meoms cf tht 
intersection, of i/wo lines wrhil/rarily chosen^ such a position 
should be assumed for the arbitrary lines that they shall not 
form a very acute angle at their point of intersectioUj as in 
that case this point might not be so distinct to the eye as to 
be marked with accuracy. For example, in erecting a per- 
pendicular to a line at a given point, and in like problems, 
in which points are found by the intersections of arcs of cir- 
cles, it wUl be best and most convenient to take for the radii 
of the arcs the distance between their centres, as the angle 
between the tangents to the arcs at their point of intersection 
will then be 60°, which is a sufficient angle to give accurately 
the point where the lines cross. In cases like Figs. 10, 11, 
Arts, 22, 23, the arbitrary lines oJ, a'h\ &c., should be so 
chosen as to intersect the horizontals nearly at right angles, 
and so, also, that the resulting lines, by which the points (?, 
o\ are determined, shall not intersect in too acute an angle. 

In all such cases of determining points, and where a point 
:6 pricked into the paper, it will be found well to designate 
the point thus O, by a smaU circle drawn around it with the 
lead pencil, in order that the eye may see it with more dis- 
tinctness. 

6th. In determinvag a portion of a Une hy the const/ruc- 
tion of two arhitra/ry points^ the points should be so chosen 
that the. portion required may mil between them and not 
beyond them. In PI, 1, Fig. 10, for example, if the requir- 
ed portion of the line of intersection of the planes extended 
oh either side, beyond <?, or o\ or beyond both, the lines dhy 
cd^ &c., should be so chosen as to bring o and o\ as far apart, 
at least, as the length of the required portion of the line 
which they serve to determine. 

7th. !No means of verifying the accuracy of the construc- 
tion of points, or lines, should be omitted. In PI. 1, Fig. 9, 
for example, other corresponding horizontals should be drawn, 
and, if the line of intersection determined by the two ])oint8 
first found is correct, their points of intersection also will 
fall upon it. In PI. 1, Figs. 9, 10, the scale of declivity of 
the line of intersection being determined, the references of 
the points, where it intersects the scales of declivity of the 
planes, should be the same as the same points on tlie scales, 
if the line has been accurately determined. L general and 



20 ONE PLANE DESCfilPTlVE GEOMETRY. 

miQxite verifl(3atioii of all the parts of the drawing should be 
made b(ifore any portion of it ia put in ink. 

Neatness. This is a not unimportant element in the at 
tainment of accm^acy in drawing. A few minutiae, when 
attended to, wiU subserve this end. * 

That part of the paper on which the draughtsman is not 
working should be kept covered with clean paper, pasted on 
the edge of the board, so as to fold over the drawing, and 
the parts which are finished should be similarly protected. 

Before commencing the daily work the ;paper should be 
carefully dusted, and the scales, rules and triangles be care- 
ftdly wiped with a clean dry rag. 

As few lines of construction as possible should be drawn in 
pencil ; and only that part of each which may be strictly ne- 
cessary to determine the point sought. As, for example, where 
a point is to be found by the intersection of two arcs of cir- 
cles ; when the position of the point can be approximately 
judged of by the eye, only a portion of one arc, which will 
embrace the point, may be drawn, and the point where the 
second arc would intersect the first be marked without 
describing the arc. In PI, 1, Fig, 10, instead of drawing 
the entire lines ah^ cd^ &c., it would be simply necessary to 
mark the points only where they cut the horizontals ; and, 
in like manner, the points o and & might be marked without 
drawing the entire lines. 

No more of any line of the drawing should be made in 
pencil than what is to remain permanently in ink. The ob- 
ject of these precautions is to keep the paper from becoming 
covered with dirt and the lines from being defaced by the 
wear of the paper. 

Inking. In inking the lines the following directions wiU 
be found useful : 

Efface carefully aU pencil lines that are not to be inked ; 
and those parts of the permanent lines which are not to re- 
main, before commencing to ink. 

When right lines are tangent to curves, put in ink the 
curve before the right line ; draw all arcs of equal radii at 
once, one after the other ; if several arcs are to be described 
from the same centre, it will be well to put a thin bit of quill 
over the point for the end of the dividers to rest on, to avoid 
jiaking a large hole in the drawing. 

If the drawing is not to be colored with the brush, all 
the lines of one color should be put in before commencing 
on those of another. 

If one of the bounding lines of a surface is to be made 
heavier than the others, its breadth should be taken from 
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the surface they limit and not be added to it ; ar d when the 
heavy line forms the boundary of two surfaces, its breadth 
must be taken from the one of greatest declivity. 

Coloring. When the drawing is to be colored, all lines 
tliat are not to be black may be put in first with black, mak 
uig them very faint, so that they may receive their appro- 
piiate colors after the drawing is otherwise completed. 

No heavy line should be put in until the work with the 
brush is completed. . 

When all the lines are in, the drawing should be thor- 
oughly cleaned with stale bread-crumb ; and then have sev- 
eral pitchers of water dashed over it, the board being placed 
in an inclined position to allow the water, colored by the ink 
lines, to escape rapidly, and not to discolor the paper. 

In using the brush, whether for flat tints, or graded, the 
requisite depth of tint should be reached by a number of 
faint tints laid over each other ; this is especially necessary 
:n laying tints of blacks, browns, and reds. 

To obtain an even flat, or graded tint, on dry paper re- 
quires considerable skill. The best plan for this is, first to 
wet with a large brush, or clean rag, the surface on which 
the tint is to be laid, then, with a slightly moist rag, clear 
the surface of water, and before the paper has time to dry 
to lay on the tint. With this precaution, the heaviest tints 
of Chinese ink, the most difficult of all to manage on dry 
paper, can be neatly laid down. 

Titles, &c. The lettering and numbering of a drawing 
should be in ordinary printed character ; this is particularly 
requisite in the numbering, to avoid misapprehensions wliich 
otiten arise from individual peculiarities in writing numbers. 

As has been already remarked, references are written in 
black, within brackets which, when practicable, embrace the 
point referred to. When not practicable, a small dotted line 
may lead from the point to the reference ; thus, 0. . .(25.50) ; 
but to distinguish references from other numbers the desig- 
nation of the unit is omitted. 

All horizontal distances between points are written upon 
a dotted line drawn between the points, with an arrow-head 
at each end ; where several partial distances in a right line 
are marked, it will be also well to mark the total distance : 
the latter may be written above or beneath the former, PL 
3, Fig. 5- . . . 

In writing horizontal distances, the usual designation of 
the unit is always written thus, y for yards, ' for feet, &c. 
All the numbers must be expressed in the same unit ; the 
fractional parts being in decimals. 
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References and horizontal distances cannot be too mucb 
nmltiplied, in order to avoid misapprehensions, and the re- 
sults of errors of construction, as well as to save the time 
that would be taken in applying dividers to the drawing to 
find from the scale afiixed to it the dimensions of any part. 

Scale. A scale very accurately constructed Sihomd be 
aflSxed to the drawing before it is cut from the board ; so 
that the shrinkage of the paper, which is about jj^, may 
affect all the parts equally, and the scale thus be made to 
correspond to the real lengths of the lines on the drawing. 
The scale should be divided according to the decimal system, 
as being most convenient for counting off. 

The first division of the scale should fiimish the units 
and also their decimal parts, if the scale bears that propor- 
tion to the true dimensions of the object represented which 
will admit of these divisions. This^rst division is numbered 
from right to left, PL 2, Fig: 9, the zero point being^ on the 
right, the 10 point on the left; the succeeding divisions, to 
50 inclusive, should each be equal to the first division, con- 
taining ten units each. The remaining divisions may con- 
tain mljr units each. It wiU be seen that any number of 
tens, units, or fractional parts of a unit can thus be readily 
taken off from the scale by the dividers. The scale should 
be long enough to give the dimensions of the longest line on 
the drawing. 

The proportion which the scale bears to the true dimen- 
sions of the object should be written above the scale ; thus, 
Scale one inch to ten ya/rds^ or g^^. And the designation 
of the unit of the drawing should be annexed to the last 
division on the scale, as yds, for yards, yi5. for feet, &c. 

Note. — For more detailed directions on the mechanical 
or instrumental methods of geometrical drawing, see Mahan's 
Industrial Drcmim/g. 
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STONE CXITTmG. 

The obfect of this Article is to explain the geometrica 
methods oi representing the more usual and elementarj' 
combinations of blocks of stone in walls and arches, by 
means of their projections ; and from these and the data of 
the problem to deduce the true dimensions of the bounding 
surfaces and lines of each part. 

Walls bounded by Plane Surfaces. In walls of cut 
stone' the blocks are usually separated by horizontal and 
vertical joints ; the latter being in vertical planes perpendic- 
ular to the face of the walls, and wliich are termed planer 
of right section^ to distinguish them from other vertical 
planes of section. When the face of the wall is inclined to 
the horizon, its slope, or hatir^ is usually expressed by the 
ratio of the base of the slope to the perpendicular, measured 
in the plane of right section ; or the slope is said to be so 
many base to so many perpendicular. In the right section 
A'B'G'D\ {PI. J., Fig. 1,) for example, the inclination of 
the face A'G' to the base of the wall A B\ is measured by 
dividing the perpendicular G'E' from C upon the line A'B' 
by the aistance A'E' between the point A' and the foot of 
the perpendicular. The quotient ^^, thus obtained, is ev- 
idently the natural tangent of the angle C'A'E' ; and the 
most convenient method of representing the batir is by a 
fraction ; the numerator expressing the number of units in 
the perpendicular, and the denominator the corresponding 
number of units in the base ; thus a batir of f expresses a 
slope of six perpendicular to one base ; a batir of J, one of 
three perpendicular to two base, &c. 

Prob. 1. H(mvag giA)en the right sectdon of a wall, to 
construct the jyrojections of its 'bovmding lines^ cmd the edges 
of the horizontal amd vertical joi/nts. 

Let A'B'iyC', {PI. A, Fig. 1,) be the right section ; the 
base A'B' and the top CD' being norizontaf; the face A'C 
having a batir ^=\\ and the back B'D' vertical. 

Draw a lino AA^ , to represent the foot of the face in plpn. 
Parallel to AA^ draw CO^ , and at a distance from it eq \al 'o 

• See Mahan*s Civil Engineering^ Art 851. 
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A'jP'j the. distance of the jjoint -4' from the foot of tlie per 
pendicTilar drawn from C in the plane of right section ; tJ G 
will be the top line of the face in plan. Parallel to CG^ , and 
at a distance G'D\ the breaath of the wall at top, draw 
BB^ , which will be the projection of the back. 

At any convenient distance from BB draw A*' A'" par- 
allel to it, to represent the foot of the wall in elevation ; the 
top G"D'' will be drawn parallel to A"A'\ and at the 
hei^t B'D' of the top above the base. 

To draw the projections of the horizontal edges, suppose 
the wall divided mto four equal courses by horizontal lomts. 
As the batir of the wall is f , the base of the slope of each 
of these equal courses will be one-sixth of its height ; if 
lines therefore are drawn parallel to the foot AA^ , and at a 
distance from each other equal to \ the height of each course, 
these lines will be the projections in plan of the horizontal 
edges, as shown on the right of the plan. As the projections 
of the vertical edges are contained m planes of right section, 
they will be drawn perpendicular to the horizontal ones, 
and breaking joints with them ; as represented on the same 
portion of the plan. 

The horizontal edges in elevation will be drawn parallel 
to A!'A"\ and at a distance from each other equal to the 
height of a course. The vertical edges will be drawn per- 
pendicular to these last, and corresponding to their projec- 
^tions in plan. 

Remark. If the projections of any horizontal line of 
the face, at a given neight above the foot of the wall, are 
required, as Twn and 7a"n\ for example, it is evident that 
m! n will be drawn in elevation at the given height above 
the foot A"A"\ and that rrm will be paraflel to AA^ in plan, 
and at a distance from it equal to \ the height of ml'n\ 

Prob, 2. Having gi/ven the hatir ofthefa^s of two 
walls that intersect^ the foot of each "being in the same hori- 
zontal vlane^ to dram the jprqjection^ of the line of intersec- 
tion oj^the faces. 

Let Aa^ ^Fig- 1?) ^e the foot of one wall in plan, and the 
batir of its face \ ; db the foot of the other, and the batir of 
its face \. 

It is evident that the point a will be one point of the 
intersection in plan. If now a horizontal line be drawn in 
each face at the same altitude, they will intersect and give a 
second point of the intersection of the faces. Assuming any 
altitude for the horizontal line on one face, its projection 
7W71, in plan, will be parallel to Aa^ and at \ .of the assumed 
altitude from it. In like manner, the projection no of the 



oorresponding line on the other face having the batir i will 
be parallel to db^ and at \ the assumed altitude from it. 
Drawing, therefore, a line through the points a and n^ this 
will be the intersection in plan. 

To obtain the intersection in elevation, draw the foot of 
the wall A" a' in elevation, also the line mi'n' at the assimied 
altitude. The point a will be projected in a\ and the point 
n in n'^ and the line a'n\ drawn through them, will be the 
intersection in elevation. 

Pr(^. 3. To const/met the projections of the houndmg 
lm£8 a/nd edges (f the joints of a buttress dgcmist the mclwr 
ed face of a ffi/ven wcUl; the base of the huUress hemg gwen, 
cmd being in the sa/me horizontal jpla/rve ds the hose of the 
wall; the faces of the hittress^ its end^ and the tap to ha/oe 
given slopes. 

Along the foot AA^ set off the breadth of the buttress 
ad at its base; and construct the two sides ah. cd; and the 
end ic of the base. Let the batir of the face of the waD 
be ?- ; that of the two faces and the end of the buttress { ; 
and that of its top }. 

By JP7'oh. 2 construct the projections, in plan and eleva- 
tion, of the intersections a^, a'e\ and dh^ d'h\ of the faces 
of the buttress and wall; and those hf Vf'^ and cg^ c'g'^ of 
the end and faces. 

To constrtcct the projections of the top suTface of the 
buttress. 

Suppose that the top line of tie buttress eh, e'h\ where 
it joins the wall, is of the same altitude as the top of the 
wall ; and that the top surface from this line outwards from 
the wall has the given slope \, Now, if a line as y'z^ 
be drawn parallel to e'h' the top line, and at any assmned 
distance below it, this line may be regarded as the projection 
of a horizontal line in the top surface of the buttress; and 
its corresponding projection in plan will be a line yz parallel 
to eh, and at six times the distance from it that y'z' is below 
^'. Having drawn these two lines of indefinite length, 
construct the projections of the horizontal in the face of the 
buttress which is lit the same distance below the top. The 
projection in elevation will be a continuation of the same 
. line y'z', and in plan its projection will'be parallel to the 
foot ah, and at a distance from it equal to \ its altitude 
ubove it. Drawing an indefinite line mf parallel to ah at 
this distance from it, the point y, where it intersects the line 
yz, will be a point of the projection in plau of the intersec- 
tion of the top surface and. face of the buttress. The point 
« is another point ; joining e and y by a line and prolonging 
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it unt-1 it intersects the projection of the intersection of the 
face and end at^ this line c/'will be the projection of one 
Bide of the top surxace in plan. The other siiie lizg will be 
found by a like construction. The points / and g being 
joined will be the projection of the end of the top surface. 

To obtain the corresponding lines in elevation; the points 
y and z are projected into y' and z' ; the points e\ y', and A', 
z'] are joined by lines which are prolonged to meet the lines 
which are the projections of the exterior edges of the but- 
tress at /' and g\ which correspond to /and g in plan, and 
the points /' and g' are joined ; e'f g'N is the elevation of 
the top surface. 

The projections of the edges of the vertical joints in plan 
will be perpendicular respectively to the lines be and cd^ and 
breaking joints as shown on the right portion of the plan. 
The projections of these lines in elevation will be found by 
projecting their extremities into the corresponding projec- 
tions of the horizontal edges in elevation, as shown on the 
Dlevation of the face and a portion of the end, on the right. 

Prob. 3, dose 2 (PI. B, Figs. 1, 2, 3). Having given the 
cross section of a hroo\ or other small natural water way^ 
over which a full centre arched stone culvert is to he thrown^ 
to support an emhankment of a roadway^ of a given height 
above the natural surface of the ground^ to construct the 
bounding lines of a wing wall with plane bounding sur- 
faces. 

Figs. 1, 2 are the elevation and plan, or the vertical and 
horizontal projections of the parts ; P Q being the ground 
line. Fig. 3 is a section and elevation, through the axis of 
the arch, on the vertical plane of which E S is the ground 
line. M, M' are the slopes of the embankment. N, W the 
bottom of the brook. 

Let C B Z', Fig. 1, be the cross section of the side bank 
of the water way, and of the adjacent level ground ; O the 
centre of the semicircle of the full centre arch, taken on the 
level C B of the natural surface ; L I the level of the top of 
the embankment ; L' E', Fig. 2, the foot of the embankment 

The wing wall and arch {Figs, 1, 2), are supported upon 
a general substructure, the height of which is A A' ; the 
plan of that portion of which, supporting the wing wall, ia 
ehown by A' B' C. The faces of this substructure being 
vertical, and projecting a distance, represented by Z A, be- 
yond the springing line of the arch, the foot of the wing wall, 
and the foot of the embankment; the point B' being token 
on the crest B' K of the side bank. 

Through the line Z D, Z' D', the foot of the wing wall, 
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the plane of its face is passed ; the top point of which X, X' 
is found by drawing a line m n parallel to Z' D', and at a 
distance from it equal to the base of the batir corresponding . 
to the height of the embankment L I above D Z, ana taking 
its intersection X, X' with the top line of the head of the 
arch. Joining X Z, it will be the elevation of the intersec- 
tion of the. face of the wing wall with the end of the arch. 

The top surface of the wing wall X^'D'' {Fig. 8), receives 
the same slope as the side slope of the embankment M, M', 
and is here taken to coincide with it. The wing wall is ter-» 
minated at the end by a vertical plane D'' F'^ parallel to the 
head wall of the arch. The thickness I X, I' X' of the wing 
wall at top is assumed. 

Joining the points X' D' and X D, the interior edge of 
the top line of the wing wall is found. Drawing I H and 
I' H' respectively parallel to these, the exterior lines are 
found. 

The lower end of the wing wall is terminated by what is 
termed a newel stone, which serves, in this case, as a buttress. 
Thie height of this stone D'' F" is arbitrary, as is also its 
slope F'' G" on top. Assuming these, the intersection of 
the vertical plane, terminating the wing wall with its face, 
will be the lines F' D', F D, parallel respectively to X' Z' 
and X Z. The lines F' G', F G, and H' E\ H E, which also 
are parallel, will be found by Proh, 3. 

The vertical joints of the face of the wing wall are per- 
pendicular to its face. Drawing the line X' Y' perpendicular 
to D' Z', and its corresponding projections X Y , X'' Y'' on 
Figs, 1, 3, the directions of the edges of the vertical joints, 
as aj' y\ x y, x" y'\ will be parallel, on their respective Figs.^ 
to these lines. 

The top of the wing wall, instead of a coping, is formed 
with elbow joints uniting with the horizontal joints. The 
portion of the joint forming the elbow is perpendicular to 
the top surface. Drawing then a line Z^' W'' {Fig, 3), per- 
pendicular to D'''X'', and its corresponding projections Z W, 
Z' W on Figs. 1, 2, these will be the directions z w, z' w', 
z" w'', of the elbows. The depth o^ the elbow is arbitrarily 
assumed, by drawing a line p'' q" on Fig. 3 parallel to 
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To facilitate the geometrical operations for determining 
the bounding surfaces and lines of the voussoirs of arches, a 
few preliminary problems and theorems, on which these 
operations are based, will first be explained. 

Prob, 4, {PI. -4, Fiq. 2.) Hamm^ gwen a sevm cylinder, 
the rigid section of whwh ^8 a semicircle^ and its axis ana 
two houndina dements heing JwrizontuL^ to construct the pro- 
jections of the i/nter section of the cylinder hy a plane inchned 
to its axis a/ad hamng a gi/oen vnclmation to the horizontal 
jpla/ne containing the axis; also^ the projection of the inter- 
section of this semi cylinder with a/nother semi cylinder with 
a semicircle also for its right section^ the a/xis am.d houndi/ng 
deinents of this uist being in the same horizontal pla/ne as 
those of the first: amd then to develop the portion of the 
fi/rst S€fmi cylinder which lies het^peen the given plane a/nd 
the other cylinder. 

Let a'c'V be the right section of the given cylinder, and 
o' its centre ; the line a'V being horizontal. Let a' A and 
VB be the horizontal projections of its bonndinff elements, 
and o'O that of its axis. Let ah be the trace of the given 
inclined plane on the horizontal plane of the bounding ele- 
ments ; AB one of the bounding elements of the other cylin- 
der, and LM its axis. The quadrant AL' the half ot the 
right section of this cylinder ; L the centre of this quadrant. 

1st. Taking any two elements of the given cylinder, at 
the same height, as x'x^ and y'^^, above a'l\ they will be 
projected in plan parallel to the axis o'C^ and will be drawn 
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indefinitely tlirough the points x^ and y,. The given incii led 
plane will cut these elements at the same height x^x„ and if 
the projection aw of a horizontal line in this plane, at the 
height o/x^y be drawn, the points x and y, where it cuts the 
two elements of the cylinder, will be two points of the re- 
quired projection in plan. To, construct this line ojy, let the 
given inclination of the plane be | ; the projection of this 
orizontal line, which is at the height x^x^ above the foot ab 
of the plane, will be {Prob, 2) parallel to ab^ and at a distance 
from it equal to J of x'x^ ; drawing therefore xy parallel to 
oJ, and at this distance, it will be the required projection in 
plan. The points x and y thus found will be two points of 
the projection in plan required. In the same way any num- 
ber of points can be found, and the curve axcyb^ traced 
through them, will be the required projection in plan. 

The construction just explained, although very simple, 
may be abridged as follows : Through a^ draw (^' perpen* 
dicular to a'b' ; prolong y'x' to the left, and set on from 7n"\ 
where it cuts aj\ the distance 7n"'x"' equal to mx^ as before 
found. Through a'x'" draw the indefinite line ae\ Now, 
to construct the projection of any other point in plan, as c 
on the element at the height c' ; through c draw a line par- 
allel to a'b\ take the part o"'c"' intercepted between' a'f and 
a'e' and set it off from <?, where the projection of the ele- 
ment through c' cuts «5, to c along the projection of the ele- 
ment ; c will be the required point. This is evident from 
the relations which the heights and horizontal distances con- 
sidered bear to each other. 
^ \. -^2d. To find the projection in plan of the intersection of 
* [(-the cylinders. Draw AD perpendicular to AL, If a dis- 
*^ tance Ar" equal x'x^ is set off on this line, and a paralloJ to 
AL be drawn through r", the point u" where it cutk^ the 
quadrant will give the point on it through which the element 
of the second cylinder, at the height x'x^ of the two elements 
at x' and y\ is drawn. Through u" drawing an indefinite line 
parallel to AB^ the bounding element of the second cylin- 
der, it will be the projection m plan of the element at the 
height Ar"=x'x^'y and the points w and v^ where it cuts the 
two projections of the elements of the first cylinder at the 
same height, will be two points of the required projection. 
In the same way other points would be found, by construct- 
ing the projections in plan of corresponding elements on 
the two cylinders. 

This. operation, like the former, may be also abridged as 
follows : Through V draw a perpendicular b'd' to a'b\ With 
a radius equal to AL describe a quadrant tangent to Vd' at 
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6'. ^ow, if af'y' be ])rolonged to the right, it is eyideiit that 
the distance r"'u"\ intercepted between b'd' and the quad- 
rant, is equal to r"u'\ or to rw. In like manner, the point 
in plan is obtained by setting off from ty on the element 
A£ and along o (7, the distance tC=t'0'. The curve AwCvB^ 
drawn through the points thus determined, will be the pro- 
jection in plan of the intersection of the two cylinders. 

3d, To make the development of the portion of the cyl- 
inder which lies between the two intersections thus deter- 
mined, it will be necessary to obtain the distances of tlie 
points of these two intersections from a curve of ri^ht sec- 
tion ; since the tangent to this curve at any point bemg ]per- 
pendicular to the element of the cylinder at the same point, 
the curve when developed will also be perpendicular to the 
elements when developed, and will therefore develop into a 
right line. 

To determine the relative positions of these curves in 
development ; first develop the curve of right section a'c'h\ 
on the line a'h' prolonged to the right, by setting off the dis- 
tances Jy, Vc'\ ifec, to a" J equal respectively to the lengths 
of the arcs Vy\ Vc\ &c., to a\ Through the points y", c", 
(fe;c., draw lines perpendicular to Vol' ; these will be the de- 
veloped elements of the cylinder through y\ c\ &c. Set 
off along these lines the distances y"Vj , c" (J, , &c., respectively 
equal to the distances y^^ o'C^ &c., and through the points 
if, v^y (7„ w^j ^j, draw a curve. This is the developed inter- 
section of the two cylinders. Make the same constructions, 
on the same developed elements, with respect to the distances 
of the points y, c, a?, a, from a'h' ; the curve &e,a„ drawn 
through these points, will be the developed intersection of 
the omique inclined plane and the cylinder. 

In like manner, if the given cylinder were cut by a plane 
perpendicular to the horizontal plane and oblique to its axis, 
of which ahj for example, is the trace, the developed curve 
of its intersection would be obtained by setting off along the 
developed elements the distances of the points a, m, <?, &c., 
from a'h\ and through the points thus determined drawing 
a curve hOyCi^, 

Remark, The curve of right section in development 
serves only as a fixed line from which the relative positions 
of other points, with respect to it and to each other, can be 
determined; since it develops into a right line, and the 
elements in development are perpendicular to it. The posi- 
tion of this curve may be therefore fixed arbitrarily, as maj 
be found most convenient for the purposes of the drawing. 
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^ ^' Proh. 5, {PI A, Fig. 4). Let the semicircle AG'B' be 
the curve of intersection of a given semi cylinder by a ver- 
tioal plane, the diameter A'B' being horizontal, and suppose 
the bounding elements through A' and B' to be limited at 
a horizontal plane at the distance AA' below A'B\ and to 
pierce this plane at the points E and Z>, on a line parallel 
to AB and at a ffiven distance from it ; these elements being 
oblique both to the vertical plane and to the horizontal plane, 
and therefore not projected on either into their true lengths. 

Let LM be the axis, and JED a bounding element of 
another semi cylinder, the right section of which is a semi- 
r3ircle; LM and JED being also in the given horizontal 
plane. 

It is proposed^ with these data, to Jmd the lengths of thfi 
dements of the oblique cylinder intercepted between the ver- 
tical plcme of A'B'C' and the horizontal cylinder; the cwrve 
of nght section of the obligue semi cyUmder at any assumed 
point; and the deveUrj^ent of the portion of it which lies 
between the gi/ven vertical plane and the horizontal semi cyl- 
inder. 

1st. The simplest method of finding the true lengths of 
the elements between the vertical plane and horizontal cyl- 
inder will be to construct their projections on another vertical 
plane parallel to them. Let BJSThe the trace of such a plane 
on the horizontal plane containing the axis ZJif of the hori- 
zontal semi cylinder, and B& its trace on the given vertical 
plane. This assumed plane cuts from the horizontal semi 
cylinder an ellipse of which DJV^ is evidently the semi trans- 
verse axis, and!^ the radius of the semi cylinder, which is 
equal to the distance between the axis and the bounding 
element ^Dy is the semi conjugate; setting off this distance 
from JV to JV\ on a perpendicular to Z>3^, and describing- 
the quadrant of an ellipse i?iV^', on these lines as semi axes, 
it will be the half of the curve cut from the semi cylinder, 
and will be its position when the plane in which it lies is 
revolved around its trace BJST to coincide with the given 
horizontal plane. In this revolved position of the plane, the 
line Be', in which it cuts the given vertical plane, will be 
found in BC" perpendicular to SJV. As this plane contains 
the bounding element of the oblique semi cylinder projected 
in BD, this element will be found in DB" when revolved, 
the height BB" being equal to BB', the height above AB 
in whicii the element pierces the given vertical plane. 

Now, if any other vertical plane be passed parallel to 
the one assumed, as that of which 00^ , and Ou'y parallel 
respectively to -ffiT and Be' are the traces, it will cut from 
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the horizontal semi 3yliiider an ellipse, eqnal tj the one 
already described; and from the given vertical plane the 
line dC ; and, as it contains also the element projected in 
CO^j by revolving this plane also, like the last, tracing the 
jnadrant of the ellipse cnt out, the line CG\ and the element 
in their revolved positions ; the portion of this element be- 
tween the vertical plane and the horizontal cylinder may 
thus be determined. In like manner, the corresponding 
lengths of any other elements, as those which are projected 
in mm^ , and nn^ , might be found. But as these successive 
operations would be long, a more simple and expeditious 
method is resorted to, as follows : As the elements of the 
horizontal semi cylinder are parallel to the given vertical 
plane, if all the points on this plane and cylinder are pro- 
jected on the assumed vertical plane of which BN and £c' 
are the traces, by a system of Imes oblique to this plane and 

Sarallel to the elements of the horizontal cylinder, it is evi- 
ent that all the ellipses cut from the horizontal cylinder 
will be projected into the one cut from it by the assumed 
vertical plane ; that all the lines, as CC\ mm\ nn\ &c., cut 
from the given vertical plane, will be projected in Be' ; and, 
in the revolved position of the assumea vertical plane, will 
be found in BC" \ whilst the portions of elements of the 
oblique semi cylinder, which lie between the horizontal semi 

Slinder and the given vertical plane, will be projected on 
6 assumed vertical plane in their true lengths, and, in its 
revolved position, will be found parallel to B"D^ and drawn 
through points n"'y C'\ &c., at the same height above jff, on 
the line BG'\ as the corresponding points m', G\ n\ are 
above AB, Drawing these parallels, the portions n"'m , 
0"C"\ &c., between the line JiC" and the curve DN', will 
be the lengths required. 

As there are two elements on the oblique semi cylinder, 
one on each side of the highest one, projected in CC^ , as 
those projected in mm^ , and nn^ , which are of the same alti- 
tude, the lines B"D^ n!"m'\ &c., wiU be respectively the 
revolved positions of the projections of the corresponding 
pairs of these elements. 

Remark. By using the system of oblique projecting 
lines, instead oi the usual mode of perpendicular ones, 
the relative positions of the lines projected are not changed, 
since these lines, being all parallel to the assumed vertical 
plane, will be projected on it in their true lengths, whether 
the projecting lines be oblique, or perpendicular to this 
plane. By the system of perpendicular projections, a sepa- 
rate construction, like the nrst, would have been requisite to 
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determine each element ; wliereas by the oblique one used 
the construction of one ellipse DN^^ and of the hue BO'^ are 
alone sufficient. 

2d. The curve of right section must lie in some plane 
j^erpendicular to the elements of the oblique cylinder. To 
hx such a plane, draw a line -Z'l^ perpendicular to the pro 
jections of the elements on the horizontal plane ; and from 
T", where it cuts BD^ another line T"Z perpendicular to the 

Projections of the elements on the assumed vertical plane, 
'liese two lines may be taken as the traces of a plane on 
these two planes ; and, as these traces are perpendicular to 
the projections of the elements on the two planes, the plane 
itself will be perpendicular to the elements, and win cut 
, from the cylinder a right section. 

To construct this curve of right section, it will be neces- 
sary to find, in the first place, on the assumed vertical plane, 
the projections of the points in which the elements of the 
oblique semi cylinder pierce the plane of right section. To 
do this, it is evident that the vertical planes which contain 
these elements, as the one, for example, of which CC^ and 
GG' are the traces, cut the plane ot right section in lines 
parallel to 7Z, its trace on the assumed vertical plane. To 
find the projection on this plane of the line cut out by the 
vertical plane of which Gu^ and GG' are the traces, it is 
plain that the point 2, where the horizontal traces Xl and 
GG^ intersect, will be one point of the required line. This 
point, being in the assumed horizontal plane, will be pro- 
jected into the line BN^ the ground line of the assumed 
vertical plane, at z\ by drawing a line through z parallel to 
AB^ according to the method of obliqueprojections adopted. 
If from z' a line be drawn parallel to TZ, this line z'z" will 
be the required projection of the line cut from the plane of 
right section by the vertical plane which contains the ele- 
ment projected in GG\ The point 2", where this line cui3 
G"G"\ the ] projection of this element on the assumed verti- 
cal plane, will be the projection on this plane of one point 
of the curve of right section. In like manner, projecting 
the points X, a?, y, &c., into the ground line Bjy at X', x[ 
y\ &c., and, from these last points, drawing parallels to YZ^ 
the points X', d\ y'\ &c., in which they cut the correspond- 
ing elements in projection, will give other points ; and the 
curve X!'x"z"y" jT will be the projection of the curve of 
right section required. 

Remark. Since the elements are ]>rojected on the as- 
sumed vertical plane into their true lengths, it is evident 
that taking anj* point of this projection of the curve of 
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riglit section, as x" for example, the distance x'^m'^ wiW be 
the true distance of the point of which a?" is the projection 
from the horizontal semi cylinder, as measured on the ele- 
ment projected in n^'Tnl' ; and x"n'" will be its true distance 
from the vertical plane containing the semicircle A!C'B\ 
In like manner, the true distances of other points of the 
curve of right section from this plane and from the horizon- 
tal semi cynnder measured along the elements may be found 
from the projection of this curve. 

Having found the projection of the curve of right sec- 
tion, the curve itself can be found by revolving the plane 
of right section upon the horizontal plane around its trace 
XT\ The distance zz^ of the point projected in z'' from 
XY\^ evidently equal to z'z'\ since this line is the pro- 
jection, in its true length, of the one in the plane of right 
section drawn through the point z in the vertical plane 
containing the element projected in CG^. In like manner, 
the distances X-Zj, axz?,, yy^, being set off from XY^ along 
the perpendiculars to it through these points, and equal 
respectively to the distances XX" y x'x'\ &c., the curve 
X^x^^^ Y^ wiU be the required one. The line X^ Y^ which 
corresponds to X' Y in projection will be the diameter of 
this curve. 

3d. Having the curve of right section in its true length, 
as well as the elements of the oblique cylinder, and the 
points where they cut this curve, it will be easy to make 
the required developments which, for convenience, will be 
done on the assumed vertical plane in its revolved position. 
To do this set off on the line YZ, from the point Y, the 
distances Yz^^ Yx^j YX^ respectively equal to the arcs 
Y^y^z^y Y^x^y &c., of the curve of right section. The right 
line YX^ will be the development of this curve. Through 
the points s„ a?,, &c., thus set off, draw perpendiculars to 
YX^y these will be the indefinite lengths of the developed 
elements drawn through the points 3„ x^j &c. From these 
last points set off z^O^, z^G^ respectively equal to z"G'^ and 
z"G ; in like manner, set oft' the distances x^n^ and a?,/7i, 
respectively equal to x"n'" and x"m"\ &c. The curves 
B*'G^n^A^y and DGja^E^^ will be the developments respec- 
tively of the semicircle A!G'B\ in which the oblique semi 
cylinder cuts the given vertical plane through AB^ and of 
tne curve in which it intersects the horizontal serai cylinder. 
The developed portion of the oblique semi cylinder whicli 
Ues between these curves and the developed positions B'^B 
and AJEl^ oi its bounding elements will be the on« required. 
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4th. To obtain the horizontal projection of the onrve in 
which the semi cylinders intersect. JProject the points C"\ 
m'\ &c., into Dj\^ by perpendiculars ; from the foot, as (?„ 
of each perpendicular draw an oblique projecting line 
parallel to AB; the points, as {7„ n^^ m„ &c., in which these 
intersect the projections of the corresponding elements, will 
be points in the required projection ; and the curve Dn^ Cpfnji. 
mu be the one required. 

Theorem 1, (PI. A, Fig, 3.) If the lines AB and DE, 
which bisect each other cma are hoi'lzontaZ^ are the transverse 
axes of two semi ellipses^ the jpla/nes of the two curves ievng 
vertical^ and having the same semi conjugate axis^jprojected i7i 
the jpoimi C, then wiU the lines which join the points of the 
curves at the same height above the horizordaJb jpUme of the 
t/ra/nsverse o/xes he parallel to eaxah other. 

Let A'G'B' be the projection of the semi ellipse, having 
AB for its transverse axis, on a plane parallel to itself; and 
let the other curve be revolved about the common semi 
conjugate into the plane of the first and be projected into 
D'U'mJ'. Drawing any line, as mV, parallel to A'B\ it 
will cut the two curves at the points tw*', n\ and o\p\ at 
the same height above the horizontal plane ; the first two 
being projected horizontally in m and n; the second in o^ 
andjPi in the revolved position of the second curve, and in 
and p in its original position. Joining the points o and 
m. also p and n, then will these lines be parallel to each 
other, and to the lines AB and EB which join the lowest 
points of the two curves. For, from the properties of two 
ellipses having a common conjugate axis, the corresponding 
ordinates of the curves to this axis will be proportional to 
their semi transverse axes ; that is, 

en' lap' :: C"B' \ C'E':, 
or, On\ Op :: GB : CE-, 
by substituting the equal lines in horizontal projection. But 
when this last proportion obtains, the lines pn and EB are 
parallel. In like manner, mo may be shown to be parallel 
to AD^ and consequently to EB. The same holds true for 
the lines mp and on^ with respect to AE and DB, 

It follows from this that two semi ellipses, having tho 
above conditions, will be the curves of intersection ot two 
semi cylinders, the axes of which lie in the horizontal plane 
of the transverse axes of the curves, and are parallel respec- 
tively to the lines joining the extremities of these axes. 
The converse of this proposition is also evidently ti ue, viz. : 
If the axes of two elliptical or circular semi cylinders lie in 
the same horizontal plane and intersect, and the highest elo- 
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ment of each is at the same height abo^ e this plane, then 
will their curves of intersection be plane carves, and be pro- 
jected on the horizontal plane in the two right lines which 
join the opposite points of intersection ol the lowest ele- 
ments. 

Thecyr. 2, {PI. A, Fig. 5.) Let A'C'B' le the vertical 
projectdon of a semi ellipse situated in a vertical plane^ of 
which AD, jparaUd to A'B', 'is the horizontal trojce'y and let 
thepoimt O, o^i the perpendicvlar OC to AB which bisects it. 
be the horizontal projection of a vertical line through O, a/na 
let the semi ellipse and this vertical be taken as the directrices 
of a surfa^ce^ generated by moving a Une parallel to the hor- 
izontal jolane^ and in each of its successive positions touching 
the vertical at O and the semi ellipse} then will any sect/ion 
of this suTfa^ce by a plane^ as ad, parallel to the plane of 
N me ellipse^ be also an eUijpse of which the Une ab intercepted 
'^ betwetfh OA amd OB, will be one axis^ and the line O'C equal 
^ to the other semi axis. And a tangent line drawn to this 
v^ ellipse at any point , as the one projected in n, n', willj^erce 
the horizontal plane in a line OD, drawn from the point O 
to the point D, where a tangent to the directing ellipse at the 
\ . point projected in m, m', at the same height as n', also pierces 

\^ the horizontal plane. 

1st. Through the point projected in n^ n\ draw the pro- 
jections Om and o'ra' of an element of the surface, and 
project the line ah into a'V. As the lines BC and bo are 
parallel, there obtains 
^ BC\bo\\mGino\ 

but BC^B'O': bo^VO\ and mC^mW: no^nW: 
therefore, B'O' : VO' :: 7/iV : n'o\ 
- which shows, from the properties of ellipses having a com- 

"v naon axis, that the curve Vn'C is an ellipse. 

2d. Let tangents be drawn to the two ellipses at the cor- 
responding points m! and n\ at the same height above A'B'. 
These tangents will intersect the common axis at the same 
point E'. and the other axis at points D' and d' such, that 

O'D' \ O'd'wm'o' \ n'o'. 
Projecting the points D' and d' into the respective planes 
of the two ellipses at D and <?, and observing that 0'D'^=^ 
CD; Od'=od; m'o'=mC ; SiiLdn'o^=no; there obtains 

CD: Cm :: cd: en; 
that is, the line joining the points 2? and d passes through 
the point 0. 

xiefna/rJc. This surface is a right conoid of which the 
horizontal plane is ihe plane director. 



^ 
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Pt(^. 6. To cmistruct a tangerd plcme and a Ttw^nal 
Une to the conoid at anyj^oint^ as n, nC 

Draw the jprojections of the element Om^ o^m! of the 
surface at the given point. Find where the tangent to the 
directing ellipse at the point m^ m^ pierces the horizontal 
plane. Join this point J) with 0. Through n draw a par- 
allel to CZ>, and where it cuts OD^ at d^ (&aw a line X J 
parallel to Om. This is the horizontal trace of the tangent 
plane at n^ n\ For the tangent line at the given point to 
the ellipse projected in ah pierces the horizontal plane at d^ 
this is therefore one point of the horizontal trace required, 
and as the element of the surface is contained in the tangent 
plane and is horizontal the trace XJTwill be parallel to Om. 

The line zv^ drawn through n perpendicular to XY^ is 
the indefinite projection of the normal to the surface at 
n, n\ 

ProK 7^ {PI. A, Fig. 6.) To dra/w a tam^eni, pUme amd 
a normal Vme to a helicoidoL surface at a gi/ven jpoint on the 
swrface. 

Suppose XYZ^ the involute of any given curve aws, to 
be the base of a vertical cylinder • and let the line Zy , tan- 
gent to this curve at Z, be the horizontal trace of a plane 
tangent to the cylinder along the element projected m Z/ 
and in this tangent plane, revolved on the horizontal plane, 
let any inclined line Zy" be drawn through the point Z. If 
the tangent plane be now returned to its vertical position, 
and be wrapped around the vertical cylinder, the inclined 
line Zy'^ will form a helix on the cylinder, and the points 
y'\ m'\ &c., in their position on the cylinder, will be pro- 
jected into its base, at the points Y^ m, &c. ; such that the 
arcs ZY^ Zm^ will be equal to the distances Zy\ Zm\ &c., 
from Z to the projection of these points in the tangent 
plane into its horizontal trace. If a right line be moved 
along this helix so that in all its positions it shall be parallel 
to the horizontal plane, and be projected on this plane in • 
lines as Z^^, Ty, normal to the curve XYZ^ this line will 
generate a helicoidal surface, the elements of which will be 
normal to the cylinder of which XYZ is the base, and tan- 
gent to the one of which onyz^ is the base. 

Let the point projected in 7", and which is at the height 
y'y" above the horizontal plane, be the one at which it is 
required to construct a tangent plane, and a normal line to 
the surface. As the helix makes a constant angle, equal to 
the one Zy"y'\ with the elements of the cylinder, at the 
points where they intersect ; and as a tangent to the helix 
at any point n akos the same angle as the helix does at thii 
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point with the element of the cylinder ; it is evident that 
the tangent to the helix, at the point projecteil in Y^ will 
pierce the horizontal plane, at a point z^ on the tangent 
drawn to the curve at Y^ at the same distance from this 
point as the distance Zy'=^ZY, This point z will therefore 
oe one point of the horizontal trace of the required tangent 
plane. But, as the tangent plane contains the horizontid 
element of the surface at the given ^oint, its trace on the 
horizontal plane will be parallel to this element. Drawing 
a line AB through z parallel to Ty, this will be the trace 
of the required plane. The normal will evidently be pro- 
jected in jP^, as this line is perpendicular to AB the requir- 
ed trace. 

To find the true length of this normal let <7i>, parallel 
to Yz^ be the trace of a vertical plane. The element through 
the given point will pierce this plane at a height YY above 
CD equal to y'y'' . The normal line will be projected on 
this plane in its true length, and will pass throWh the point 
Y. But, as the vertical plane through CD is sdso perpen- 
dicular to the tangent plane at the given point, the line 
Yz' will be the projection as well as the trace of the tangent 
plane on this vertical plane. The line YS drawn perpen- 
dicular to Yz' will therefore be the indefinite projection of 
the required normal. 

Remark. The traces of all taneent planes to the surface, 
at points on the element considered, will evidently be par- 
allel, to JPy, the projection of this element ; and the trace 
of any one may be readily found by means of the point z. 
For, tnrough y, where the projection of the element is tan- 
gent to the curve mjz^ through the point z draw an indefinite 
fine yy^: then if at any point on the projection of the ele- 
ment Yy a line be drawn parallel to Yz^ the projection of 
the tangent at Y^ the point where this parallel cuts yy, will 
be a point in the horizontal trace of the tangent plane at 
the assumed point. This may be readily proved as follows : 
Let the tangent projected in Yz^ and the element of the 
cylinder projected in y be taken as the directrices of a warp- 
eii surface oi which the horizontal plane is the plane director 
This warped surface will be tangent to the heiicoidal surface 
throughout the entire element projected in Yy; for they 
have the same plane director; a common tangent plane at 
the point projected in Y; and also one, whicn is vertical, 
at the point projected in y. Wow, as the warped surface in 
question is a hyperbolic paraboloid, any vertical plane par 
allel to Yz will intersect it in a right line which will cut the 
element projected in JKy, and pierce the horizontal plane ir 
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khe line w, where the trace of the assumed vertical plaae 
eats it. This point will therefore be a point in the trace ol 
a tangent plane to both surfaces at the point where the line 
(3ut from the hypefbolic paraboloid intersects the element 
common- to the two surfeces, and along which they are 
tangent. 

Prdb. 7j PI. 1. To construct the jyrojections <md true 
dimensions of the hoimding lines and surfdces of the vous 
soi/rs of a horizontal full centre a/rch. 

This problem comprises several cases, according to the 
character and the positions of the surfaces which form the 
ends or heads of the arch. 

Case Ist. Ths arch being terminated at one end h/ a ver- 
tical plane obUque to its aads and at the other hy a vertical 
plane perpendicula/r to the ams. 

Let the semicircle (Fig. 1) of which B'C is the di- 
ameter, be the right section of the soffit of the arch, and 
having divided it into any odd number of equal parts, as 
five for example, draw through the points of division ^', 
F\ &c., radii which prolong to the semicircle described on 
AID as a diameter. These radii Avill be directions of the 
joints in the right section, A^B' being their common thick- 
ness. Through the points A\ /', G\ &c., drawing vertical 
and horizontal lines, they will be the exterior bounding lines 
of the voussoirs in right section ; the line K'K" which 
bounds the top of the keystone being assumed at pleasure. 

Let AD \Fig. 2) be the trace on the horizontal plane 
containing the axis and lowest elements of the arch of the 
vertical plane oblique to the axis which forms the front end 
of the arch, and ad the trace of the one perpendicular to 
the axis that bounds the back end. 

As the edges of an v voussoir, as the one of which Q'M' 
N'O'P^ {Fig. 1) is the right section, are all parallel and 
horizontal, they will be projected into their true lengths in 
plan between the two traces of the end planes. The one 
corresponding to M' will be projected in plan {Fig. 2) in 
M^m^ ; that corresponding to iv ' in If^n^ , &c. 

As all the joints, except the two lowest, are oblique to 
the horizontal plane, their horizontal edges alone are pro- 
jected into their true dimensions in plan. The two lowest, 
corresponding to A'B^ and G'D^ are projected into AdbB^ 
and VcdD respectively. To find the true dimensions of the 
others, and the development of the soffit, develop in the first 
place the right section of the soffit, by setting off the dis- 
tances B'F', E'F\ &c., {Fig. 5) respectively equal to 
the arcs B'E\ &c. {Fig. 1); and then, by Fig, 2, PI. A, 
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find the points B^ E^y Jif, , &c., of the developed curve 
in wliieh the soffit is intersected by the oblique, plane of 
the front end ; also the right line a, ^/ , ^/ , &c., which is 
tlie development of the right section in* which it is cut by 
the plane of the back. Tne surface bounded by the devel- 
oped curves and the two lowest elements of the semi cylm 
dor is the developed soffit. 

To find any oblique joint in its true dimensions, as the 
one projected in plan between the lines M^m and Jy^n^ , set 
off from M\ {Fia. 5) to the right along M'C a distance 
equal to M'N^ (^ig. 1), the breadth of the joint. From 
the point N' {-fig^ S) draw a line perpendicular to B'C\ 
and irom N' set off iriT, equal to n^N^ (Fig. 2). Join the 
points M^N^ / the trapezoidal figure M^Js^n^m^ is the requir- 
ed joint. In like manner the true dimensions of all the 
other joints are found as shown on Fig, 5. 

Case 2d. The arch heina tenninatea at one end hy ajoilane 
obli^tbe to its aa^is a/nd to the horizontal plane of its two low- 
est dements amd ai, the other hy a vertical pla/ne perpendici^ 
lor to the aads. 

Let AD {Fig. 2) be the horizontal trace of the oblique 
planS, and let the angle which it makes with the horizontal 
plane be f . Drawing any line vw parallel to AD {Prob. 1) 
as the projection in plan of a horizontal line of this plane, 
and from any point as -4 a perpendicular Ax to vw^ the 
height of the point x above the norizontal plane will be 
three times the distance Ax. Setting oft* from A' {Fig. 3) 
the length Ax to a?', at a?' erecting the perpendicular x'x"'^ 
ZA'x' and joining A\ x'\ the angle x'A'x'^ will be the angle 
between the oblique and horizontal planes. Taking now 
the distance Ay {Fig. 2) in which the line Tno cuts the line 
Aa^ parallel to the axis, and setting it off from A^ to y' 
{Fig. 3), erecting a perpendicular yy"'=x'x'\ and joining 
A'y'\ the angle v'A!y" will be the one between the oblique 
and horizontal planes measured in the vertical plane paratle] 
to the axis of which Aa {Fig. 2) is the trace. 

Having drawn the line A'y'\ and the vertical at A\ 
the projections in plan of the points in which the oblique 
terminating plane cuts the bounding horizontal lines of the 
voussoirs corresponding to the points E\ 1\ F\ &c. {Fig. 1) 
in right section are readily determined by applying the con- 
structions in Prob. 4. The points in plan corresponding to 
E' and F {Fig. 1), for example, will be found bv drawing 
lines through E\ 1' parallel to A'y\ taking the lengths 
E"E"\ A^A" and S3tting them off from ^^and /, ^ig. 
21 from the tra 5e AD to -£^and /, along the projections in 
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plan of the corresponding edges of the vrcussoirs. The 
curve BEF^ &c., thus obtained, and the pentagonal fiffiires 
EllIGF^ &c., are the projections in plan ol the ohliqne 
sections of the soffit and voussoirs of tlje arch. 

Bema/rh. As a verification of the accuracy of the con- 
structions, the lines lE^ QF^ &c.j prolonged should pass 
through the point L where the axis cuts the trace AD^ and 
the lines A^^ HO^ &c., should be parallel to AD^ as the 
top surfaces of the voussoirs are horizontal planes. 

Case 3d. The arch hcvag temdnated hy an oblique plane^ 
as in either of ths preceding cases^ omA at the other extremity 
hy a semi drcula/r cylinder^ its axis and two hounding ele- 
ments heing in the same plane as the corresponding l/i/nes of 
the arch and perpendicular to them. 

Let ad {rig. 2) be one bounding element of the ^ven 
semi cylinder. Having set ofl* the radius of this cylinder 
from i), {Fig. 4) on the line A*D prolonged, and described 
a portion of the semicircle tangent to the vertical DN'\ 
draw througli the points M\ N\ &c., {Fig. 1) parallel lines 
to AD. By Prof). 4 find the projection in plan of hef^ &c., 
of the curv^ of intersection of the soffit of the arch and the 
semi cylinder; also the projections of the points i^ A, ^, &c., 
in which the horizontal edges of the voussoirs intersect the 
semi cylinder; the pentagonal figures efghi^ (fee, will be the 
projections in plan of the lines in which the surfaces of the 
voussoirs intersect the semi cylinder. Any point in plan, as 
n^ is found by setting off a length npfi from ad along the 
projection of the edge corresponmng to N\ equal to the dis- 
tance N"]^" {Fig. 4). 

Hema/rk. The lines ei^fg^ &c., are portions of ellipses, 
which prolonged pass through the point Z, in which the axis 
of the arch cuts the bounding element ad. The lines gh^ 
nOy &c., are right lines, being the projections of the inter- 
section of the horizontal surfaces of the voussoirs with the 
semi cylinder. The lines hi, op^ &c., are the projections of 
arcs of circles in which the side vertical planes of the vous- 
soirs corresponding to Il'I\ O'P', intersect the semi cyl- 
inder. 

The true dimensions of the joints in either of the two 
last cases are found by setting off from the line B'C {Fiq. 
5) the lengths along the perpendiculars, at the points Fl\ /, 
&c., which correspond to the distances respectively of the 
points E, /and e^ i, {Case Sd, Fig. 2) from A^D. 

JSemarJk. As a verification of and aid to accui-acy of 
construction, let a line Zl {Fiq. 6) be drawn parallel to the 
edge M'm and at a distance ir >m it equal to L'M* {Fig* 1) 
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the radiuB of the right section ; the right Knes MN and 
M^JSF^ prolonged should intersect the line J2 at the same 
point X, such that the length IZ {Fig. 6) shall be the same 
as IZ (Mg. 2). In like manner the curve nu/m prolonged 
rfiould intersect the same line li at the point I which cor- 
resjponds to the one I {Fig. 2). Similar constructions of 
verification will be found on Fig. 5 {PU. 3 and 4). 

From an examination of Fig^ 2 it wiU be seen, that the 
projection in plan of the voussoir corresponding to M'N'0\ 
&c., {Fig. 1) m right section, wiU in Case Sd be bounded on 
one end by the figure MNO^ &e., on the other by the one 
vrmo^ &c. ; and by the parallel lines which join the corres- 
ponding points Mmy JSn^ &c. 

Apphcatmi. Having found the principal dimensions of 
the voussoirs, let it be required to cut from a single block of 
stone of the form of a rectangular parallelopipedon the 
voussoir corresponding to M'N'0\ &c., {Fig. 1) in Gdse M. 
Drawing a line I^T Sirough Q' perpendicular to 0'P\ and 
prolonging ON' to H' on the line drawn through M' par- 
allel to 0'P\ the rectangle E'T will evidently be the di- 
mensions of the end of the block within which tne voussoir 
in riffht section can be inscribed. The dimensions of the 
length of the block will evidently l|e determined by drawing 
through the point Q {Fig. 2) a Wtlq RQ parallel to ro. 
Having inscribed on the end of a block of the form and 
dimensions thus found, the figure in right section, the block 
would be prepared by cutting away those portions, as 
M'S'Q\ &c., which are exterior to the figure. This being 
done, thepoints corresponding to Jf, iV, O, &c., and m^ /i, 
Oy &c., {Ftg. 2) can be set off on the corresponding edges, 
and the two ends of the voussoir, the one terminated by 
the oblique plane, the other by the semi cylinder, be obtain- 
ed. In cuttmg away the portions of the block to form the 
curved surfaces of the soffit and of the end of the voussoir, 
a model cut from a thin board, by shaping it on the back to 
the form of the arc M'Q' {Fig. 1), and a like model cut to 
the form of the arc DN"\ would be requisite as a guide to 
the workman, to be applied, from time to time, in a direc- 
tion perpendicular to tne elements of the cylinders, until it 
is found that the models coincide accurately at all points 
with the prepared surfaces. 

Models also of the true forms of the joints, determined 
in Fig. 5, may be cut from thin pasteboard, or any like ma- 
terial, and be used to verify the work. These last would 
evidently not be requisite to guide the workman in settiag 
off his points where he works from a block of the above 
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foim. But, in cases where a block of irregular shape hat 
to be taken, they may be found the most convenient for set- 
ting off the points to determine the form of these joints on 
the stone. 

Prob, 8, PI, 2, To const/ruct the projections cmd true 
dvmensions of the voussoi/rs m tlie gromed omd cloistered 
arches. 

In each of these cases the soffits of the arches are formed 
by the intersections of two semi cylinders, the axes of which 
are in the same horizontal plane, and their top elements at 
the same height above this plane. From these conditions, 
the curves of intersection of the soffits {Tlieor. 1) will be 
plane curves, and will be projected in plan in the diagonal 
lines which join the intersections of the lowest elements of 
the semi cylinders. 

In the cases selected to illustrate this problem {PI. 2), 
the curve of right section of one of the semi cylinders is a 
semicircle {Fig.l\ that of the other (Fig. 2) a semi ellipse, 
each having the same rise L'K ; and their axes are taken 
perpendicular to each other. The joints in each arch cor- 
responding to F'G\ &c., are normal to the soffit, or surfaces 
of their respective cylinders ; the upper and lower edges of 
the corresponding joints in each arch being in the same 
horizontal plane, as well as the top surfaces, as G'H^ {Figs. 
1, 2), of the voussoirs. 

Remark. Fig. 1 is the right section of the semi circular 
arch ; Fig. 2 that of the semi elliptical arch ; Fig. 3 above 
the line ^ is a portion of the plan of the groined arch, the 
soffit of the semi circular arch being prelected within the 
an^le BKG and the corresponding soffit of the semi ellipti- 
cal arch, only the half of which is shown in plan, being pro- 
jected within the angles aKB and hKC. Fig. 6 on the 
right represents two of the joints of a groin stone belonging 
to the semi circular arch with the development of the por- 
tion of the soffit between them ; that on the left the true 
dimensions of the corresponding parts of the same stone 
which forms a part of the other arch. 

Fig. 4 below the line aS is a portion of the plan of the 
cloistered arch, the soffit )f the semi elliptical portion being 
projected within the angles B^KG^; that of the semi circu- 
lar portion being projected within the angles B^KG, and 
B^KG^ . Fig. 6 on the right represents the two joints of a 
gi'oin stone which forms a part of the semi circular arch 
with the portion of the soffit between them ; that on the left 
the correspontiing parts of the same stone of the other arch. 
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Groined Arch. Having constructed (Fig. 1) the rklil 
section of the semi circular arch as in Pr(H). 7, assume Jo^C 
{Fig. 2) as the transverse axis of the ellipse of right section 
of the other arch, and placing it at any convenient position, 
on the left, perpendicular to the direction B C {Fig. 1), set 
off the semi conjugate L'K' e^ual to the radius of the semi- 
circle, and describe the semi ellipse. Find on the semi 
ellipse, as shown by the lines X'h\ &c., on the left of Fig. 
1, the points F\ i^', &c., at the same height above B'0\ as 
the corresponding points of the semicircle. Construct tan 
gents to the semi ellipse at these points, and at the same 
normals for the directions of the joints. Find on these 
normals the points /', G'^ &c., at the same heights as the 
like points in Fig. 1. Through the points /', §\ {Fig. 2) 
draw the vertical and horizontal lines FH' and &H\ for 
the bounding lines of the voussoirs. Having completed, in 
this way, the right section {Fig. 2), draw, in plan {Fig. 3), 
the projection of the axes, and the bottom elements of the 
arches, corresponding to the points B\ C {Figs. 1, 2). 
Drawing the diagonal lines BS, and CC^ between the points 
where these elements intersect in plan, they will be {Theor. 
1) the projections of the ellipses in which tne two semi cyl- 
inders mtersect, and which form the edges of the groins. 

To find the projections in plan of the voussoir of the groin 
which corresponds to the one M'N'O'^ &c. {Fig. 1), and 
F'G'H', &c. {Fig. 2), draw Mm {Fig. 3), the projection of 
the lower edge of the joint corresponding to M' {Fig. 1), 
and Mm^ the correspondfing projection for the point F' {Fig. 
2^ ; and in like manner the lines Nn and Nn^ , the projec- 
tions of the upper edges. Joining JbTand iV gives the pro- 
jection of the mtersection of the planes of the two joints. 
Find in like manner Qq and Qq,; Pp and Pj>, , the projec- 
tions of the edges corresponding to the joints Q'P' and 
E'l'. Joining Q and P gives the projection of the inter- 
section of the planes of the two last joints. Having found 
the projections in plan of the edges of the joints and their 
intersections, the voussoir is terminated on the semi circular 
arch by a joint of right section mp^ taken at any suitable 
distance from the point P ; and on the semi elliptical arch 
by a like joint m^p ,. The required voussoir in plan will be 
the figure MmpPp/m^ . The part above the line MG be- 
longing to the semi circular arch ; that to the right of it to 
the other. 

To find the true dimensions of the joints of this voussoir 
and of the portion of the sofiit which belongs to the semi cir- 
cular arch, draw a line mp {Fig. 5) to correspond to the one 
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rm {Fig. 3) of the plane of right section by whicli tlie vou» 
BOir IS tenninatei On this line set off mn=M'N' {Fig. 1) 
the breadth of the upper joint; nq=M'Q' the length of 
the arc between the joints; and qp-=Q'P' the breadth of 
the lower joint. Through these points draw perpendiculart 
to the line, and set off on them nN=mM {Fig. 3) ; mM= 
nN :qQ=qQ^ ^jAjpP=^P. Join the points Jlz, iT, and 
Q^ jPy by right lines ; the points iV^ ^, by a curve line, an 
intermediate point of which can be found by constructing 
in plan the element yx of the soffit which corresponds to 
the middle point a?' {Fig. 1) of the arc WQ and setting 
this line off on Fig. 5 firom y, the middle point of nq to x. The 
Fig. 5 will give the joints required in tneir true dimensions, 
also the developed portion of the soffit between them, and 
which is bounded at one end by the curve of right section 
corresponding to mq^ and at the other by the jportion of th(^ 
ellipse of the groin corresponding to mQ {Fig. 3). 

In like manner the true dimensions of the joints, and 
the portion of the soffit between them, which belong to the 
same stone, and form the portion of the elliptical arch ter- 
minated by the joint of right section Tn^p, {Fig. 3) may be 
found, as shown {Fig. 5) on the left ; by setting on the dis- 
tances p^q, , ^^m^ , m^n, , respectively equal to F'F, F'F' 
and F'tr' {Fig. 2). and on the perpendiculars to p,n, , through 
the points^; , q, , &c., setting off the distances p,P^ q,Q^ &c., 
. respectively equal to p,P &c., in plan {Fig. 3). 

The portion of the keystone which forms the top of 
the groins at the point K {Fig. 3), is limited on the semi 
circiQar arch by the joint of right section G^If,; and by the 
one Hk on the semi elliptical cylinder, with a corresponding 
one on the right of K. 

The joints of right section of the different courses, as 
mp and G,If, , are arran^d to break joint. 
V- Cloistered Arch. The constructions for determining 

y\y the projections, &c., of the joints and their true dimensions, 
^ \ are precisely the same in this case as in the preceding. 

In Fig. 4 aapfi are the exterior lines in plan, and 
B^O,B,0^ the interior lines of the top of the walls, or the 
imposts of the arches ; the semi circular arch springing from 
the lines B^O^ and O^B^ and the semi elliptical form G^B,, 
The lines (7,jtt and B^Kslto the projections of the half of 
each groin. 

By drawing in plan the edges of the joints corresponding 
to P'Q' and !3f 'iv ' {Figs. 1, 2), and joining the points P^ 
Q^ and M^ N {Fig. 4), the intersection of these joints are 
obtained in plan. The groin stone which corresponds te 
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these joints is limited by a plane of right section 7)vp {Fig, 4) 
taken at pleasure on the semi circular arch, and a like one 
mp^ on tne semi elliptical. All the parts of this groin stone 
will therefore be projected within the figm*e 7npPp^m^M, 

To construct tne joints and the portion of the soffit in 
their true dimensions which belong to this stone, commence 
{JFig. 6) by setting off on a right line the distances nm^ mq^ 
and qp^ respectively equal to N'M'j M'Q\ and Q'P' {Fig, 
1\ and which correspond to the joint of right section mp 
{Fig. 4). Draw through the points n^ tw-, &c., thus set on, 
perpendiculars to np, and along these perpendiculars set off 
the distances nN^ mM^ qQ^ and pP^ respectively equal to 
the same lines on Fig. 4. Join the points NM and QP by 
right lines ; and MQ by a curved line, an intermediate point 
of which corresponding to x' {Fig. 1) is found by setting off 
from y^ the middle of mq the distance y,x^ equal y^x^ {Fig. 4). 

In the same way the corresponding portions of the groin 
stone belonging to the joint of right section m^p^ on the 
semi elliptical arch are found from Figs. 2 and 4. 

The top groin stone at K{Fig. 4) which forms a portion 
of the two arches is represented as a single stone. 

The joints of right section in the different courses of 
voussoirs are arranged as shown in plan to break joint. 

Application. Having determined the projections in plan 
of the edges of the j'oints of a groin stone with the true 
dimensions of the joints, and the portion of the soffit of 
each arch belonging to it, their uses in shaping the stone 
from, the solid block will be easily understood. Taking, for 
example, the groin stone of the groined arch, the right sec- 
tions of which are given in Figs. 1 and 2 ; the plan in Fig. 
3 ; and the true dimensions of the joints, (fee, in Fig. 5, it 
will be readily seen that, supposing a block from which the 
stone is to be shaped to be a rectangular parallelopid, its 
thickness must be such that the right section M'N'0\ &c., 
{Fig. 1) can be inscribed within the rectangle of the end 
that corresponds to the joint of right section wm {Fig. 3) of 
the semi circular arch, and the figure F'G'PT^ &c., be in- 
ftcribed within the end corresponding to the joint 'm^p^ of 
the semi elliptical arch ; and the length of the block must 
be equal to raM^ and its breadth to Mm . 

Having inscribed upon the ends of the block the two 
figures of cross section, the portions of the solid exterior to 
them are gradually worked off until the dressed surfaces 
coincide with Fig. 6, which may be ascertained either by 
measurement, or by the actual application of these figures 
cut from some thin flexible material- 
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liemarh, A careful examination of the lines of the 
figures will show the geometrical methods for determining 
the tangents to the points on Mg, 2 which correspond to 
Fig. 1. 

Prob. 9, Pis. 3, 4. To construct tJte projections amd i/rue 
dimensions of the voussoi/rs of the rampcmt cylind/rical a/rcK 

This problem, which comprises two cases, is a variation 
of Prob. 7. The arch in this, as in Prob. 7, being termi- 
nated at one end by a vertical plane, and at the other by a 
horizontal semi cylinder having its axis and elements paral- 
lel to the vertical plane of the end ; the elements of the soffit 
and the edges of the voussoirs of the arch being oblique both 
to the vertical plane and to the horizontal plane of the plan. 

Case 1, PI. 3. Construct {Fig. 1) the semicu-cle B'T'C'^ 
to represent the oblique section of the arch by the vertical 
plane of the end. Let ad {Fig. 2), assumed at any conve- 
nient distance from A'D\ be the projection in plan of the 
lowest element of the semi cylinder of the other end, which 
with the axis is taken in a horizontal plane at the distanx e 
a^"a' {Fig. 3) below the line A'P'; and let the lowest ele- 
ments of the arch drawn from the points A'B'C'D\ and its 
axis from L\ {Fig. 1) be taken to intersect the line ad^ and 
to lie in vertical planes perpendicular both to the vertical 
plane of the end and to the horizontal plane. The edges 
of the voussoirs as A'a^ JS'h^ &c., in plan will be perpenmc- 
ular to A'D\ 

To obtain the edges of the voussoirs in their true dimen 
sions, it will be necessary to find their projections, as in Prc^. 
5, on a plane parallel to them. 

Let the vertical plane which contains the edge projected 
in A' a be taken for this purpose, and suppose it revolved 
around the line A'K"\ its trace on the vertical plane of the 
end, to coincide with this plane. In this new position of 
the side vertical plane the edge projected in A' a wiU be ob- 
tained on it by setting o^ A!a"^=A!a; erecting at «'" a 
pei'pendicular = a"'a'\ and joining A' a"'. The edges 
drawn from B\ G\ D\ and the axis of the arch will all 
evidently be projected into the same line A!aJ\ 

The projections of the other edges on this plane will 
evidently be parallel to A a' {Fig. 3), and their positions 
will be found by drawing through the points F\ I\ &c., 
{Fig. 1) lines parallel to A!D\ and from the points E'' ifec, 
in which they cut JL'^'" drawing parallels to Aal' {Fig. 3). 

As aJ' is the revolved position of the point in which the 
vertical side plane cuts the lowest element of the semi cyl- 
inder of the end, and as the axis is in the same horizontal 
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plane as this element, bv setting off on the horizontal through 
d\ and to the left of a", the radius of the semi cylinder 
and from the point thus set off describing an arc a!'X\ \\ 
will be the one cut from the semi cylinder by the vertical 
side plane. The lines, as H^^H"\ E"JE"' intercepted between 
the arc a"X' and the line A'K"\ are the projections in their 
true dimensions of the reg^uired edges of the voussoirs. 

To obtain a right section of the arch, for the purpose of 
constructing the joints of the voussoirs in their true dimen 
sions, and the development of the soffit of the arch ; from the 
point A' draw the line A' Y' perpendicular to the projec- 
tions of the edges on the vertical side plane ; this line may 
be regarded as the trace of a plane of right section on the 
side vertical plane, and the line A'D' as its trace on the 
horizontal plane through A*D\ If the plane of right sec- 
tion thus fixed be revived around AD' until it becomes 
horizontal, the right section contained in it will be deter- 
mined in its true dimensions. The points as e\f\ &c^ 
[Fig. 4) will be found, after this revolution, by setting on 
from the line A'D along the projections of the elements in 
plan corresponding to the points jE\ F\ &c., distances equal 
to Ae\ At J &c., {Fig. 3) measured from the point A along 
the Hue A Y\ The curve B'e'fmW C {Fig. 4) thus deter- 
mined is the curve of right section of the somt, and the fig- 
ure m'n^o'p'q' the right section of the voussoir corresponding 
to M'N'O'P'Q' {Fig. 1) of the end. 

Having obtained the right section, the development of 
the soffit and the joints in their true dimensions are found, 
as in Proba. 5 and 7, as follows : Having drawn a line B'C 
{Fig. 5) set off along it the distances S'e', e'f\f'm\ &c., 
respectively equal to the arcs B'e\ e'f &c., on the curve of 
right section (i%. 4). The right line B'C will be the de- 
velopment of the curve. Through the points B\ ^\f\ &c.. 
draw perpendiculars to B'G' which will be the elements oi 
the soffit m development, which are the lower edges of the 
joints and correspond to the points B\ E\ &c., {Fig. 1). 
As the true distances of the extremities of these edges from 
the plane of right section are given on Fig. 3, and are the 
distances e'e'\ e'E'" for the edge projected in its true length 
between the line AK'" and the curve a"X^ by setting off 
g'^" and ^E''\ from e' to E\ and e' to ^"' {Fig. 5), the 
points E' and E''' will be respectively points of the aevel- 
opment of the curves in which the somt intersects the verti- 
cal plane of the one end of the arch and the horizontal 
cylinder that terminates the other. In like manner the 
points F\ M\ &c., of the developed curve B'T'C are 
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tound, and those as &", ^'", &c., of the other end. To ob- 
tain the true dimensions of any joint, as the oae correspond- 
ing to JS'I' (Fig. 1), set off the distance e'i\ {Fig. 5) equal 
to the breadth of the joint in right section, which is e*^ 
{Fig. 4). Through i' draw a perpendicular to B'G\ and set 
off from it the distance i'I\ i' A!'\ respectively equal to 
a' A'' a' A" {Fig. 3). Join /', E\ by a right line, and 
A!"E'" by a curved line, the figure A'"rE'W" wiU be the 
required joint in true dimensions. The other joints are 
foimd in like manner. 

To find the dimensions of a block of the form of a rec- 
tangular parallelopiped from which one of the voussoirs, as 
the one corresponding to M'N'O'F'Q' could be cut, it will 
be observed that the edges of this voussoir are projected in 
their true dimensions on Fig. 3, between the line H"H"\ 
which corresponds to the points N\ 0' {Fig. 1), and the line 
E"F"\ which corresponds to Q'; drawing therefore from 
H ' a perpendicular to E"E'^' prolonged, and from J?" one 
to H"H'^' prolonged, the rectangle thus formed will be the 
true dimensions of one side of the block. As m'n'o'p'^ 
{Fig. 4) is the cross section of the same voussoir, the breadth 
of the rectangle of the end of the block must be equal to 
m!jp\ in order that the figure 7nIn!o\ &c., can be inscribed 
within it. The manner of setting off' the different lines on 
the block, with the view of dressing it into shape, will be 
readily seen from what has already j)een stated on this point 
in the preceding problems. 

Remarks. From the preceding constructions, the joints 
and the development of the soffit for any other plane end 
passing through the line A 'D\ and having the line AZ\ for 
example, for its trace on the vertical side plane, can be 
readily found, by setting off, on Fig. 5, from the line B'C\ 
the distances between the corresponding points on the lines 
A' Y' and A'Z\ as h!h!\ for example, in the same way ae 
for those between A! Y' and A'K' \ and through the points 
e'\f\ &c., drawing the developed curve of intersection of 
the soffit and assumed plane, and constructing the corres- 
ponding joints as e"i"A"'E"'. 

Prob. 9, Case 2tZ, PI. 4. This case is a variation of the 
preceding one, the axis tod elements of the. soffit of the 
arch being oblique both to the horizontal plane, and to the 
vertical plane which terminates the arch at one end, but 
situated in vertical planes oblique to the vertical plane of 
the end. The position of the semi cylinder which terminates 
the other end is the same in all respects as in the preceding 
case. 
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Fig. 1 represents tlie end of the arcli in the vertical 
plane. The curve of the soffit B'F'M'G' in this plane is a 
semicircle. The arch for the mere illustration of this case 
consists of only three voussoirs. 

Fig. 2 represents the projections of the elements In plan ; 
the axis of the arch and tne lowest elements of its soffit 
intersect the lowest element of the semi cylinder, which is 
projected in the line ad^ parallel to A'D\ and lies in a hor- 
izontal plane at the distance D'D" below A'D', at the 
points J, I and c. 

Fig, 3 represents the projections of the edges of the 
voussoirs on the vertical side plane, parallel to them, of 
which D^T and D' V are the traces on the horizontal plane 
of the plan, and the vertical plane of the end. The system 
of projecting lines in this ease is the same as the one nsec 
in jProh. 5. 

Fig, 4 represents the revolved position, on the horizontal 
plane, of the right section of the arch, contained in the plane 
of right section of which XY^ perpendicnlar to the projec- 
tion of the axis Z7 is the horizontal trace, and Z^', perpen- 
dicular to D"d^ the projection of the axis on the side vertical 
plane, is the trace on this plane. 

Fig. 5 represents the joints and the development of the 
soffit in their true dimensions. 

Having constructed Figs. 1 and 2, find, by Proh, 5, the 
projections of the edges of the joints on the vertical side 
plane of which D'Tis the horizontal trace, assuming, in the 
nrst place, the line D^^d^ as the projection of the axis and 
lowest elements on this plane, and parallel to which all the 
other projections of the edges are drawn ; the one corres- 
ponding to the point M' irtg, 1), for example, is foimd by 
setting off from D" {JFi-g. 3) on the revolved position 
D'K of the trace of the side vertical plane with that of 
the end, the distance J9''Jf " equal to MM^ {Fig. 1). and 
drawing Jf "Jf' '' parallel to J)''d. 

Representing, by the line drawn through T parallel to 
ad^ the axis of Sie semi cylinder, the ellipse cut from the 
semi cylinder of the end will have dT^ and TS' equal to 
the radius of the semi cylinder, for its semi axes. Having 
described the quadrant dS' of the ellipse in its revolved po- 
sition, the projections of the edges cf the joints intercepted 
between it and the line D'K'" will be the true lengths of 
the edges. 

To obtain the right section, take XY perpendicular to 
the axis LI in plan, and Yz' perpendicular to its projection 
D"d on the vertical side plane, as the traces of the plane 
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of right section. Having found {Pig. 4, PI. A^ theprojeo 
dons o\ j'l^ , n\ &c. {Mg. 3) of the points in which the ele- 
ments of the soffit and the edges of the joints pierce the 
plane of right section, next construct from these {Fiff. 4) the 
right section as revolved on the horizontal plane. 

To construct the soffit and joints in their true dimensions, 
draw (Mg. 5) a line a^D' {Fig. 4, PL A) and set off on this 
from hj to c, the length of the curve of right section ifi^ 
{Fig. 4). Drawing tlirou^ the points 5/ , /i , ^; , ^/ , per- 
pendiculars to afi', set on on them above and below a^iy 
distances m J!/"' , rrhM"\ respectively equal to mJf" and 
m^M"' {Fig. 3).' The curves B'F'M' G\ and IM'^'c, drawn 
through the points thus obtained, will be the developments 
of the intersection of the soffit with the end plane and semi 
cylinder. To construct the joint of which M'M'" is one 
edge, set off m^n, on a,D' equal to m^^^ {Fig. 4), the width 
of the joint in cross section ; through n^ draw a parallel to 
M'M"\ and set off on it n,N\ n^"\ respectively equal 
to n'N^' and n'N'" {Fig. 3). Joining M'N' hj a right 
line, and M"'N'" by a curve line, the figure obtamed is the 
required joint. The others are found in like manner. 

Remark. A comparison of the lines on Fig. 5 with 
those on Fig. 3 will point out the manner of constructing 
an intermediate point as t; of the curve M'"N"'. 

Proh. 10, PI. 5. To constribct the j^/^ojections and t/ruo 
dimensions of the voicssoirs of the hemispherical dome. 

Let the semicircle {Fig. 1) B'L"0' be the vertical section 
of the soffit of the dome, and suppose it divided into seven 
equal parts at the points E\ F\ &c. Drawing radii through 
the points E\ &c., set oft* upon them the equal distances 
E'r^ F'G\ &c., and complete, as in the preceding cases, 
the figures E'rH"0'F\ &c., to represent the sections of 
the voussoirs. If Fig. 1 be supposed to be revolved about 
the vertical radius LL' as an axis, any section of a vous- 
Boir, as E'I'H" O'F' would generate the entire voussoir of 
the dome comprised between the horizontal circles on the 
soffit projected in the lines E'Q and F"M'. The linos 
E'I\ F'G\ in this revolution generate the joints between 
the voussoir in question and the two in contact witli it, 
which joints are portions of a cone of which the centre of 
the dome is the vertex, and L'L" the axis. The line FH' 
will generate a cylindrical surface having the same axis, and 
the Ime H'G' a plane. 

Having in this manner determined the bounding surfaces 
of each course of voussoirs, the course is divided into blocks 
of suitable dimensions, by joints of right section, formed by 
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intersecting the course by vertical planes throngli the axis 
Lr. liJE, and 1,F, {Fig. 2), for example, be taken as 
the projections in plan of two joints of right section, the 
figure ll ^ fi ^ will be the projection in plan of a block oi 
voussoir of the course in question. The figure E'l'T'E" 
{Fig. 1) is the projection of the lower conical joint of this 
voussoir; F'CPG"F'^ that of the upper conical joint; and 
E'F^'F"E" that of the portion of the soffit. The joints 
of right section of the adjacent courses break joints, as 
shown at E"E\^ Y"v\ &c., on the curves Y L", Y"L\ 
&c. {Fig. 1), which are the projections of the circles cut 
from the somt by the joints of right section. 

AppUaaUon. Having determined the projections of the 
bounding lines and surfaces of a voussoir, their true dimen- 
sions can be easily determined, and from them the size of a 
block from which the voussoir can be cut. Taking, for ex- 
ample, the voussoir projected in plan {Fig. 2) in JI^F,E, , 
from an inspection of the projections {Figs. 1, 2) it is obvious 
that the dimensions of a block from which it can be cut 
must be such that the figure IIF^E, {^'h' 2) can be inscribed 
within its base, and its thickness be equal to the vertical 
height between the lines E'G'' and E'E" {Fig. 1), the tota' 
depth of the voussoir. Having selected a block of the suit- 
able dimensions, the different lines and surfaces of the vous- 
soir can be obtained in their true dimensions from its projec- 
tions {Figs. 1, 2, 3), and marked out on the sides and bases 
of the block. 

It will be seen that the end of this voussoir, which forms 
a portion of the soffit, is comprised between the two merid- 
ian planes lE^ and I^F, {Eig. 2) and the upper and lower 
conical joints. The points F\ F'\ E\ j&'\ {Fig. 1) are 
therefore the projections of the four angular points of the 
voussoir, on the soffit, and lie upon the circumference of a 
small circle of the dome passing through the points of which 
these are the projections on Fig. 1. This small circle can 
be readily constructed {Fig. 4), since the lengths of the 
chords joining the two upper points F'F'\ and the two 
lower E'E" \Fig. 1), are given in their true dimensions E^F. 
and EF{Fig. 2); and the diagonals projected in EF^ and 
E,F{Fig. 2) can be readily obtamedin their true dimensions. 
Ha^ang set out the small circle determined from these ele- 
ments {Fig. 4), it will limit the portion of the soffit on the 
end of the voussoir, and will serve as a guide to the work- 
man in working it out. 

Fig. 3 gives the true dimensions of the side of the vou* 
loir in the meridian plane lE^ {Fig. 2^ 
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JPrdb. 11, PI 6. To Gonslmict the projections cmd 1/n(4 
iimermcms of the vouasovrs of the gate-recess. 

The line BO {Fig. 2) represents the trace of the veii:ical 
face or front of a wall ; ad that of the back, also verticaL 
Through this wall an arched gate-way is to be so constructed, 
that the gate, composed of two leaves, may be placed mid- 
way between the mce and back, as at AD^ and when open 
the leaves shall be thrown back, taking respectively the 
positions Afl^ D,d^ by revolving around the vertical axes 
projected in A and i/^ . In this way, the gate occupies a 
recess within the wall, from which circumstance the problem 
is named. 

'Let B\ E\ G'AFig. 1) be the curve of right section ot 
the right arch, BBfifi {Fig. 2) its plan. Let the top of 
the gate when closed be a semicircular cylinder, J.'i>' \Fig. 
1) being its diameter, and the rectangle AA^D^D {Ftg. 2) 
its plan ; the gate when closed shutting against the plane 
surtace ring projected {Fig. 1) between the two semicircles; 
and Fig. 2 in the line Ai). 

The problem to be solved consists in so arranging the 
surface ot the recess under which the leaves swing m being 
opened or closed : 1st, that it shall offer no obstruction to 
the play of the leaves ; 2d, that it shall be one of easy geo- 
metrical construction ; 3d, that it shall present a pleasing 
architectural effect. 

The lines A^a^ D^d^ {^^9* ^) being the traces of the ver- 
tical side planes of the recess against which the leaves rest 
when closed, these planes are each terminated at top by an 
arc of a circle assumed at pleasure, but of greater radius 
than A'L^ {Fig. 1). To construct this arbitrary arc {Fig. 3), 
revolve the side plane D^d around the axis projected in JJ^ 
{Fig. 2), and D'l)" {Fig. 3), parallel to the face of the wall, 
into the position D/ol, . Assume d''' the highest point of 
the arbitrary arc in the revolved position, at Sie same height 
as Ic^ {-^W* ^) ^® above Z', and construct an arc passmg 
through Jj'd"^ and tangent to D'D'\ and let this be taken 
for the required arc. Supposing the side plane revoh'ed 
back to its primitive position, D'd'^ will be the projection 
of the arc ; and d'd'^ that of the vertical edge of the back 
and side planes. 

Let this arbitrary arc, the semicircle projected in A^h ^D 
{Fig. 1)^ and Al), {Fig. 2\ and the axis of the arch pro- 
jected in Z' {Fig. 1), Ll {Fig. 2), be taken as three direc- 
trices of a warped surface, to form a portion of the upper 
surface af the recess. The projections of the extreme posi- 
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ticn of the element of this surface will be d!'x 1 {J^g. 1 \ 
day {Fig. 2). A like surface covers the opposite side. 

To form the top, the two warped surfaces determined are 
connected by a third, which must be tangent to eacli of them 
along the extreme element d/'L\ al'L' of each, so that the 
three sm"faees may appear as a continuous siu'face, and thus 
satisfy the 3d condition. To satisfy this condition, let 
the axis of the arch and the semicircle, which are two of 
the directrices of the two first warped surfaces, be taken 
as two of the directrices of the third. This will give two 
tangent planes common to the surfaces along eacn of the 
elements d'L\ a"L'. Construct now a tangent plane to 
the warped surface found at the point d'^^ by drawing a tan- 
gent to the curve projected in D'a" at this point, and tnrough 
this tangent and the element projected in d' L' passing a 
plane. The element pierces the vertical plane of which 
A^D^ is the trace at a?, x'; the tangent to the curve D^d" at 
d" intersects the vertical line IrD" at D" ; joining then 
D'\ x\ it will be the projection of the trace of the tangent 
plane on the vertical plane Afi^ / the projection of its trace 
on the vertical plane ad is v'd"w\ parallel to x'D". Draw- 
ing an arc of a circle passing through a" and d" and tangent 
to v'w\ if it is taken as the third directrix of the second 
surface, the two surfaces will be tangent, as they have a 
third common tangent plane at d'\ 

The 2d condition is satisfied by taking warped surfaces 
to form the soffit^ or top surface. 

Having constructed the warped surfaces, with these arbi- 
trary conditions, it will be necessary to ascertain whether thej 
satisfy the 1st condition. To do this, it will be observed 
that the top of the leaf describes, in its revolution, a surface, 
and which, to satisfy this condition, should not intersect the 
warped surfaces within the side plane, as Afl^ for example. 
This intersection will be found by the usual methods for 
findii^ the intersections of two given surfaces. The line 
r's' {Fig, 1), for example, may be assumed as the vertical 
trace of a horizontal plane intersecting the two surfaces. 
This plane will cut from the surface described by the top of 
the leaf an arc of a circle, projected in sr {Fig. 2) and from 
the warped surfaces an arc ss/r; and as these intersect at r, 
without A^^a^ the surfaces do not interfere along this hori- 
zontal plane. The same construction would be made for 
other points. 

The bounding lines of the top surface being found^ the 
arch is divided off into five equal parts, as B'.E\ &c. The 
planes of the voussoir joints pass through the axis of the 



STOxVE CUTTING. 55 

arch and extend to the points /', Q\ &c., arbitrarily chosen 
and from these last points the voussoir joints are riertical. 

To determine the true dimensions of the joints M'.N 
and Q'P' {Fig. 1) ; let each of them be revolved aroimd 
their lower horizontal edges, projected in M\ Q \ parallel to 
the horizontal plane ; taking M'N\ this is done by draw- 
ing through Jf ' a line paraflel to LD and setting-off along 
it, from M\ distances equal io G'F'=M'JSr\ F'i\ F'h', 
and, to simplify the construction, drawing through the 
points thus set off, lines parallel to L'M' to intersect L'D'; 
from these last points drawing lines parallel to Z7 the points 
LUE'ihIG I {Fig. 4^ will be found, which joined will give 
the figure and true dimensions of the joint through M'N\ 
In a like manner the figure LJc^E'i'f'g' G' I d^nA. true dimen- 
sions of the joint through Q'P' are obtained. 

Application. To cut the voussoir out of a block of the 
form of a rectangular parallelopiped, its dimensions must 
be such that the figure Jf'M'Q'P'O' {Fig. 1) can be inscrib- 
ed within the end, and its length be equal to IG^ {Fig. 4). 
Having set out the bounding lines of the different surfaces 
from Fig. 1, the- plane and cylindrical portions will be first 
cut off; next the portion of the warped surfaces, by first 
c^. working down to the positions of several of the intennediate 
rTSs elements, determined from the drawing, and then finishing 
/4^ off by the eye the portions of the surface between these ele- 

y / raents. 
r^ uj' Prob. 12, PI. 7. To Gonstruct the jprojections and true 

£^^■1 dimensions of the steps of the geometrical stairway. 

'^ Let ABuD {Fig. 1) be the polygonal base of a vertical 

wall, along which a flight of stone steps is to be built. Let 
XYZ^ xyz^ be two curves having the relation of involute 
and evolute to each other; the one X^Z being the base of 
a vertical cylinder, the surface of which limits the ends of 
the steps, and which is termed the well of the stairs. Let 
X ^ Y X i he another curve parallel to the one XYZ^ and at 
the distance from it that persons going up or down the stairs 
would naturally take; and where, on this account, the top 
of each step, or \h'Q^t/read should have a uniform breadth. 
This tread added to the height, or rise^ being usually assumed 
at twenty-two inches, as a convenient distance for each step. 
The problem consists : 1st, in arranging the tread and 
rise with these conditions ; 2d, in making the under sur- 
face of the stairway a helicoidal surface ; 3d, in arranging 
the joints between the steps so as to be plane surfaces, and 
nonnal to the helicoidal surface at the middle p< nt ; 4th, in 
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determining from these conditions the form and dimcnsioiM 
of each step. 

Having set off the equal arcs X.l, 1-2, 2-3, &c (Mff. 
1) along the curve X, Y^Z, , equal to the assumed tread, 
draw, through these points, lines tangent to the curve xyz^ 
and prolong them to the line hcd parallel to BCD ; the 

auadrilaterals thus formed, between XYZ and hcd^ -will be 
le true dimensions of the top surface of each step. Mid- 
way between the equal arc, as at Y,, Z^^ &c., draw lines 
also tangent to xyz^ and let these be assumed as the projec- 
tions of the edges of the joints along the helicoidal surface ; 
and, to fix their position, let the edge of each joint be taken 
at the distance of half the rise below the top of the step. 
The points thus determined will lie on a helix, which at 
each of these points is half a rise below the top of the step, 
and the inclination of the tangent to which at any point 
will be the rise or height of each step divided by the uniform 
tread. 

Having fixed the position of the helix, the helicoidal 
surface is generated by moving a right line along it so as to 
be parallel to the horizontal plane, and, in all of its posi 
tions, be projected normal to the curve XYZ. 

Let y^ , the middle point of the lower edge Ym^ be taken 
as the point at which a normal plane is to be passed to the 
helicoidal surface for the joint m question. This plane ia 
determined as shown on Fig. 2, by Prob. 7 {PI. J., Fig. 6), 
and in like maimer the one at z, on Zo as shown in Fig. 3. 

Having determined these planes, their intersections with 
the tops of the steps will give the lines iV^i, Op^ parallel to 
Ym^Zo^ which are the top edges of the joints. 

With the data now determined, the form and dimensions 
of the ends of the step to which these two joints belong 
can be determined. The larger end of the step is contained 
in a vertical plane of which rnq is the trace on the horizontal 
plane. Draw a line B'C parallel to ho and at any assumed 
distance from it ; this may be taken as the revolved position 
of the top line of the enu, on the horizontal plane. From 
the points m, ti, <?, ^, and q draw perpendiculars to mq^* 
set off on these the distance q"q' for the rise of the step ; 
m'^m' equal to half a rise; o' half a rise below ^' ; join the 
points thus set off. The figure m'n'q''q'p'o' is the one requir- 
ed. To find that of the other end {Fig. 5), the portion of the 
cylinder of the well YM is developed, and the correspond 
ing points set off on it; the figure Y'N'M^'M'O'Z' le the 
one required. 
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Applicatimu To cut the stone, a block must be taken 
upon the top of which the figure YmqM {Fig, 1) can be 
set off, and on the large end Fig. 4. Having dressed off 
the plane and cylindrical surfaces, the portion of the 
warped surface can be dressed off as in the preceding prob- 
lem. 

Prob. V2i^ PI. 8. To construct the projections and true 
dimensions of the voussoirs of the groined omnvlar and 
radiant arch. 

The soffit of this arch is formed of the surfaces of an an- 
nular and radiant arch, the intersections of which form the 
curves of the groin. 

To find the horizontal projections of these curves, let (Fig. 
2, PI. 8) B' C be the diameter, and K^' the centre of a semi- 
circle, contained in a vertical plane passed through the ver- 
tical line projected at L horizontally. If the semicircle be 
revolved ^around the vertical L it will generate the surface of 
an annular arch. 

From the point L (Fig. 1) in the horizontal plane of the 
diameter B' C' of the semicircle let two lines L B' and L c 
be drawn, making any convenient angle with each other, and 
let the chord of the arc B' c^ included between them, de- 
scribed by the point B' of the semicircle, in its revolution, 
be taken as the transverse axis of a semi-ellipse, contained in a 
vertical plane of which B' c is the trace; the conjugate semi- 
axis of this ellipse being equal to the radius of the semicircle. 
Then if a right line be so moved that it shall, in all of its 
positions, be parallel to the horizontal plane of the semi- 
transverse axis of the ellipse, intersect the vertical through 
L, and rest on the curve of the semi-ellipse, it will generate 
the sofiit of the radiant arch. 

The horizontal projections B' L^ Cj and C L c, which are 
those of the groins, will be obtained, by finding the inter- 
sections of the projections of the corresponding elements cut 
from the two sofiits by horizontal planes. The point L, 
being that of the highest point; and the points B' C Cj o 
being those of the lowest points of the groins. 

If now the semicircle be divided into five equal parts, and 
the right sections of the voussoirs of a cylinarical arch be 
drawn (Fig. 2) ; the joints E' I', F' G', &c., of this right sec- 
tion, in the revolution of the vertical plane containing them, 
will describe zones of conical surfaces, the vertices of which 
will be on the vertical through L, where these joints pro- 
longed intersect it. In like manner, the lines 1! H', 6' G'', 
&c., will describe cylindrical surfaces, having the same verti- 
cal for their caramon axis; and the horizontal lines, as G' H', 
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&c., will describe zones of circles. Tlius completing tlie 
bounding surfaces of the voussoirs belonging to the annular 
arch. 

As the soffit of the radiant arch is a right conoid, having 
the horizontal plane, containing the semi transverse axis of 
the directing semi-ellipse, for its plane director, and the ver- 
tical through L as its right line directrix, its joints, along the 
rectilinear elements corresponding to the horizontal circles 
described by the points Q', M', F', E', of the semicircle, to 
be normal throughout to the soffit, would require to be 
warped surfaces. To avoid the inconvenience of constructing 
these, a plane surface joint is substituted for each stone in- 
stead of the other; and this is so taken, that it shall be nor- 
mal to the soffit at the middle point of that portion of the 
right line element of the soffit which belongs to the joint. 
Taking for example the element projected in L Ej ^^, and as- 
suming that the groin voussoir is bounded, on the radiant 
portion of the arch, by the lines l^^fx] ^jfi I» which is the 
projection of the line cut from the soffit by a vertical cylin- 
der; by the projection Fj 'E^ of the groin curve, and by the 
line E' e^; then F^y will be the lower edge of the radiant 
joint, corresponding to the lower edge of the annular joint, 
described by the point F'; and Ej e, will be the lower edge 
of the joint below, corresponding to the one E' 1\ 

Having the lower edge E^ e^ of the joint, the other bound- 
ing lines of it are found by constructing a normal plane to 
the soffit containing the right line element through E„ at the 
middle point e of 'E^ e^, and finding the intersections e^ I of 
this plane with the vertical cylinder /\ I that limits the 
voussoir; with the conical zone described by E'l', and which 
is projected in E^ 3/ and finally with the horizontal plane 
which passes through r(Fig. 2), and which will be projected 
through I parallel to E^ e^. 

In like manner the plane joint projected in Fj f^ g^ Gr can 
be found. 

The portion of the groin stone, belonging to the annular 
arch, is limited by a vertical plane passed through the points 
L, Fa, H; the line Pj E, of the groin; the upper and lower 
conical joints ; the cylindrical surface projected in ;? H ; and 
the horizontal plane through G' H' (Fig. 2). 

Note. — To construct the normal planes of tJie plome joinU 
ijf the radiant arch see Proh, 6. 

All the horizontal lines of the surfaces bounding the groin 
voussoir in question, are projected in their true dimensions 
nFig. 1. 

Having found the horizontal projections of all the lines 
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bounding the groin stone considered, the true dimen- 
sions of all the developable surfaces by which it is bounded 
can be found by methods already used in the preceding 
Probs. 

Take, for example, the plane joint of the radiant arch, 
projected in "E^ e^ Is. Having first determined the tangent 
plane to the middle point e^ of the lower edge of the joint, 
and its trace t^ t^ on the horizontal plane of the springing 
lines, by Prob. 6, let this last plane be intersected by a ver- 
tical plane X T perpendicular to the lower edge E e, (Fig. 1), 
and let it then be transferred, parallel to itself, to X Y (Fig. 
8). The plane X Y will cut from the tangent plane a line 
which, in the revolved position of the plane X Y (Fig. 8), 
will be projected in ^ E' ; E" E' (Fig. 3) being equal to E" 
E' (Fig. 2). From E' (Fig. 3) drawing a line perpendicular 
to E' 4 it will be a normal to the soflBt of the radiant arch at 
e^ (Fig. 1), and where this normal intersects at F a line par- 
allel to E'' t^j and at the same height above it as T (Fig. 2) 
IS above W\ the line E' T (Fig. 3) will be the true width of 
the plane joint considered. Now, revolving this plane joint 
around the line E' P to coincide with the vertical plane X Y 
(Fig. 1), the points e^y E, (Fig. 1), for example, will fall in a 
perpendicular to E' P (Fig. 3) as far from it, at e^^ and E^', 
as they are in horizontal projection from X Y (Fig. 1). In 
like manner, the points ^' and P'^ (Fig. 3^ are found; and 
^// -g// J/// ^v ^jjj 1^^ ^^^ ^^^^ dimensions or the plane joint. 

E" P^' will be the intersection of the plane radiant joint with 
the corresponding conical joint of the annular arch; and ^'• 
i^ the intersection of the same joint with the cylindricsd joint 
yj I of the radiant arch. 

Fig. 4, showing the true dimensions of the upper plane 
joint, is constructed by a like series of operations. 

Fig. 6 is the development of the cylindrical joint of the 
radiant arch projected in/*, I; and of the cylindrical surface 
of the groin stone of the annular arch projected in 3 H. 

The- projections of the conical joints of the annular arch 
are easily found, by developing the cones to which they be- 
long. 

Fig. 6 is the development of the end surface of the exterior 
voussoir of the radiant arch which joins the groin voussoir 
considered. 

These arches rest, as in the cylindrical groined arch, on 
pillars. The tops of these pillars, on a level with the spring- 
mg lines of the arches, are shown in the trapezoids B B' a' a, 
C b' b, &c. (Fig. 1.) 

The dimensions of the block for the groin stone in ques- 
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tion are alL given in the projections, sections, &c., of Figs. 1, 
2, 3, 4, 5, and the developments of the conical joints. With 
Jiese elements, the bounding lines can be marked out on the 
block, and the voussoir be worked off, by methods similar feo 
those pointed out in the two preceding problems. 



Fuj.3. 




^.9.0 



Flff,8. 




PI. 



^ 



pA 





jp) 

"tJO) 





\ ro' 






Fig.tS. 




-n 



N 



y 



A 



20 



^ 



K 



^ 






I r 



I I 






20 



3<^_ 



/'<J?.P. 



30 





N 



X 



./^ 



^. 










// 



r 



r 



\ 



Pl.l. 



Fis-I. 



r' 



-*-JBl 



--f« 



M 



o:_..^: 



.-^, .J 



>r- -V- 



"x: 







> I /Bf _J_i L _3p — [A. _v-- 

\ i / ! i T \ \ \ 

■\\/>""iH i j 1. 1 ' 



&■ 




O.Banm 



P1.2 



.^^t . 




P1.3. 







^TTSan!^ 



PI 4. 




Fl.T, 




o,kvnitt. 



jpi>e. 




'■la «V^i" 



u ., .Eig.3, 



--i-rf' — 1 — .u 



l-~\- ■!- 












^ ^^^^ 



SHORT-TITLE CATALOGUE 

OF THE 

PUBLICATIONS 

OF 

JOHN WILEY & SONS, 

New York. 
L6ndon: chapman & HALL, Limited. 



ARRANGED UNDER SUBJECTS. 



Descriptive circulars sent on application. 

Books marked with an asterisk are sold at net prices only. 

All books are bound in cloth unless otherwise stated. 



AGRICULTURE. 
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Downing's Fruit and Fruit Trees 8vo, 5 00 

Grotenfelt's The Principles of Modem Dairy Practice. (Woll.) 
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" Treatise on the Diseases of the Ox 8vo, 6 00 
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Monckton's Stair Building — Wood, Iron, and Stone 4to, 
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including Atkinson's Suggestions for Hospital Archi- 
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World's Columbian Exposition of 1893 Large 4to, 
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MiLiTABY Engineering— OrdkancA — Law, Etc. 

Bourne's Screw Propellers 4to, 

* Bruff's Ordnance and Gunnery 8vo, 

Chase's Screw Propellers 8vo, 

Cooke's Naval Ordnance 8vo, 

Cronkhije's Gunnery for Non-com. Officers 82mo, morocco, 

* Davis's Treatise on Military Law 8vo, 

Sheep, 

* '* Elements of Law 8vo, 

De Brack's Cavalry Outpost Duties. (Carr.). . . .32mo, morocco, 
Dietz's Soldier's First Aid 16mo, morocco, 

* Dredge's Modern French Artillery Large 4to, half morocco, 

" Record of the Transportation Exhibits Building, 
World's Columbian Exposition of 1893.. 4to, half morocco, 

Durand's Resistance and Propulsion of Ships 8vo, 

Dyer's Light Artillery 12mo, 

Hoff's Naval Tactics Svo, 

*Ingalls's Ballistic Tables Svo, 

*' Handbook of Problems in Direct Fire 8vo, 
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Mahan's PermaneDt Fortifications. (Mercur.).8yo, half morocco, 

Mercur's Attack of Fortified Places 12ino, 

Elements of the Art of War 8vo, 

Metcalfe's Ordnance and Gunnery. 12mo, with Atlas, 

Murray's A Manual for Courts-Martial 16mo, morocco, 

" Infantry Drill Regulations adapted to the Springfield 

Rifle, Caliber .45 82mo, paper, 

♦jPhelps's Practical Marine Surveying 8vo, 

Powell's Army Officer's Examiner 12mo, 

Sharpe's Subsisting Armies 32mo, morocco, 

Very's Navies of the World * 8vo, half morocco, 

Wheeler's Siege Operations 8vo, 

Winthrop's Abridgment of Military Law 12mp, 

WoodhuU's Notes on Military Hygiene 16mo, 

Young's Simple Elements of Navigation 16mo, morocco, 

first edition 

ASSAYINd. 

Smelting — Obb Drbssikg — Alloys, Etc. 

Fletcher's Quant. Assaying with the Blowpipe.>16mo, morocco, 1 50 

Furman's Practical Assaying 8vo, 8 00 

Kunhardt's Ore Dressing 8vo, 1 50 

O'Driscoll's Treatment of Gold Ores 8vo, 2 00 

Rickeits and Miller's Notes on Assaying .8vo, 3 00 

Thurston's Alloys, Brasses, and Bronzes 8vo, 2 50 

Wilson's Cyanide Processes 12mo, 1 50 

The Chlorination Process 12mo, 1 50 

ASTRONOMY. 

Practical, Theoretical, and Descriptive. 

Craig's Azimuth 4to, 3 50 

Doolittle's Practical Astronomy. 8vo, 4 00 

Gore's Elements of Geodesy 8vo, 2 50 

Hayford's Text-book of Geodetic Astronomy r . . . . .8vo. 3 00 

* Michie and Harlow's Practical Astronomy 8vo, 3 00 

* White's Theoretical and Descriptive Astronomy 12mo, 2 00 
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BOTANY. 

GARDEKn7G FOB LaDIEB, EtC. 

Baldwin's Orchids of New England : Small 8vo, $1 50 

Loudon's Gardening for Ladies. (Downing.) 12mo» 1 50 

Thoml's Structural Botany 16mo, 2 25 

Westermaier's (General Botany. (Schneider.) 8yo, 2 00 

BRIDGES, ROOF5, Etc. 

Cantileveb— Draw— Highway— Suspension. 

(See aUo Engineering, p. 7.) 

Boiler's Highway Bridges * 8vo, 2 00 

* ** The Thames River Bridge 4to, paper, 5 00 

Burr's Stresses in Bridges 8vo, 8 50 

Crehore's Mechanics of the Girder 8vo. 5 00 

Dredge's Thames Bridges 7 parts, per part, 1 25 

Du Bois's Stresses in Framed Structures Small 4to, 10 00 

Foster's Wooden Trestle Bridges. 4to, 5 00 

Greene's Arches in Wood, etc 8vo, 2 50 

Bridge Trusses 8vo, 2 50 

Roof Trusses 8vo, 1 25 

Howe's Treatise on Arches 8to, 4 00 

Johnson's Modern Framed Structures Small 4to, 10 00 

Merriman & Jacoby's Text-book of Roofs and Bridges. 

Part L. Stresses 8vo, 2 50 

Merriman & Jacoby's Text-book of Roofs and Bridges. 

Part IL, Graphic Statics 8vo, 2 50 

Merriman & Jacoby's Text-book of Roofs and Bridges. 

Part III., Bridge Design 8vo, 2 50 

Merriman & Jacoby's Text-book of Roofs and Bridges. 

Part IV., Continuous, Draw, Cantilever, Suspension, and 

Arched Bridges 8vo, 

* Morison's The Memphis Bridge Oblong 4to, 

Waddell's Iron Highway Bridges. ... 8vo, 

" De Pontibus (a Pocket-book for Bridge Engineers). 
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Wood's Construction of Bridges and Roofs 8vo, 

Wright's Designing of Draw Spans. Parts I. and II..8vo, each 

" " " " " Complete 8vo, 
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8 00 
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2 50 
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CHEMISTRY. 

QuALiTATivB— Quantitative— Orgakic— Inorganic, Etc. 

Adriance's Laboratory Calculations 12mo, |1 25 

Allen's Tables for Iron Analysis 8vo, 3 00 

Austen's Notes for Chemical Students I2mo, 1 50 

Bolton's Student's Guide in Quantitative Analysis 8vo, 1 50 

Classen's Analysis by Electrolysis. (HerrickandBoltwood.).8vo, 8 00. 

Crafts's Qualitative Analysis. (Schaeffer.) 12mo, 1 50 

Drecbsel's Chemical Reactions. (Merrill.) 12mo, 1 25 

Fresenius's Quantitative Chemical Analysis. (Allen.) 8vo, 6 00 

Qualitative " '* (Johnson.) 8vo, 3 00 

(Wells.) Trans. 

16th German Edition 8vo, 5 00 

Tuertes's Water and Public Health 12mo, 1 50 

Gill's Gas and Fuel Analysis 12mo, 1 25 

Hammarsten's Physiological Chemistry. (Mandel.) 8vo, 4 00 

Helm's Principles of Mathematical Chemistry. (Morgan). 12mo,^ 150 

Kolbe's Inorganic Chemistry. 12mo, 1 50 

Ladd's Quantitative Chemical Analysis 12mo, 1 00 

Landauer's Spectrum Analysis. (Tingle.) 8vo, 3 00 

L5b*s Electrolysis and Electrosynthesis of Organic Compounds. 

(Lorenz. ) 12mo, 1 00 

Mandel's Bio-chemical Laboratory 12mo, 1 50 

Mason's Water-supply 8vo, 5 00 

** Examination of Water 12mo, 1 25 

Meyer's Organic Analysis. (Tingle.) (In the pres$,) 

Miller's Chemical Physics 8vo, 2 00 

Mixter's Elementary Text-book of Chemistry 12mo, 1 50 

Morgan's The Theory of Solutions and its Results 12mo, 1 00 

Elements of Physical Chemistry 12mo, 2 00 

Nichols's Water-supply (Chemical and Sanitary) 8vo, 2 50 

O'Brine's Laboratory Guide to Chemical Analysis 8vo, 2 00 

Perkins's Qualitative Analysis ^ 12mo, 1 00 

Pinner's Organic Chemistry. (Austen.) 12mo, 1 50 

Poole's Calorific Power of Fuels 8vo, 3 00 

Ricketts and Russell's Notes on Inorganic Chemistry (Non- 
metallic) Oblong 8vo, morocco, 75 

Ruddiman's Incompatibilities in Prescriptions 8vo, 2 00 

5 



tichimpf s Volumetric Analysis 12mo, $2 50 

Spencer's Sugar Manufacturer's Handbook 16mo, morocco, 2 00 

" Handbook for Chemists of Beet Sugar Houses. 

16mo, morocco, 8 00 

Stockbridge's Rocks and Soils 8vo, 2 50 

Tillman's Descriptive General Chemistry. {In ihepreis,) 

Van Deventer's Physical Chemistry for Beginners. (Boltwood. ) 

12mo, 1 50 

Wells's Inorganic Qualitative Analysis ' 12mo, 1 50 

" Laboratory Guide in Qualitative Chemical Analysis. 

8vo, 1 50 

Whipple's Microscopy of Drinking-water 8vo, 3 50 

Wiechmann's Chemical Lecture Notes 12mo, 3 00 

Sugar Analysis Small Svo, 2 50 

Wulling's Inorganic Phar. and Med. Chemistry 12mo, 2 00 

DRAWING. 

ElEMENTABY— GeoMETRIGAL—MbCHANICAI/— TOPOGBAPHICAL. 

Hill's Shades and Shadows and Perspective Svo, 2 00 

MacCord's Descriptive Gkometry Svo, 3 00 

Kinematics. » Svo, 5 00 

** Mechanical Drawing Svo, 4 00 

Mahan's Industrial Drawing. (Thompson.) 2 vols., Svo, 3 50 

Reed's Topographical Drawing. (H. A.) 4to, 5 00 

Reid's A Course in Mechanical Drawing Svo. 2 00 

*• Mechanical Drawing and Elementary Machine Design. 
Svo. {In tJie pre$8,) 

Smith's Topographical Drawing. (Macmillan.) Svo, 2 50 

Warren's Descriptive Geometry 2 vols., Svo, 3 50 

" Drafting Instruments 12mo, 1 25 

'* Free-hand Drawing 12mo, 1 00 

•' Linear Perspective .12mo, 1 00 

" Machine Construction 2 vols., Svo, 7 50 

Plane Problems 12mo, 1 25 

*' Primary Geometry 12mo, 75 

" Problemsand Theorems Svo, 2 50 

*• Projection Drawing '.'....12mo, 1 50 
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Warren's Shades and Shadows 8vo, |3 00 

' ' Stereotomy— Stone-cutting 8vo, 2 60 

Whelpley's Letter Engraving 12mo, 2 00 

ELECTRICITY AND MAQNETI5M. 

Illumination— Batteries— Physics— Railways. 

Anthony and Brackett's Text- book of Physics. (Magie.) Small 

8vo, 3 00 

Anthony's Theory of Electrical Measurements 12mo, 1 00 

Barker's Deep-sea Soundings Svo, 2 00 

Benjamin's Voltaic Cell 8vo, 3 00 

History of Electricity 8vo, 8 00 

Classen's Analysis by Electrolysis. (Herrick and Boltwood.) 8vo, 3 00 

Cosmic Law of Thermal Repulsion 12mo, 75 

Crehore and Squier's Experiments with a New Polarizing Photo- 
Chronograph .8vo, 3 00 

Dawson's Electric Railways and Tramways. Small, 4t0i half 

morocco, 12 50 

* Dredge's Electric Illuminations 2 vols., 4to, half morocco, 25 00 

Vol.11 4t6, 7 50 

Gilbert's De magnete. (Mottelay.) 8vo, 2 50 

Holman's Precision of Measurements 8vo, 2 00 

** Telescope-mirror-scale Method Large 8vo, 75 

LOb's Electrolysis and Electrosynthesis of Organic Compounds. 

(Lorenz.) 12mo, 1 00 

*Michie's Wave Motion Relating to Sound and Light 8vo, 4 00 

Morgan's The Theory of Solutions and its Results 12mo, 1 00 

Niaudet's Electric Batteries. (Fishback.) 12mo, 2 50 

Pratt and Alden's Street-railway Road-beds 8vo, 2 00 

Reagan's Steam and Electric Locomotiyes 12mo, 2 00 

Thurston's Stationary Steam Engines for Electric Lighting Pur- 
poses 8vo, 2 50 

♦Tillman's Heat 8vo, 1 50 
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ENQINEERINQ. 

Civil — Mechanical— Sanitaky. Etc. 

{See also Bridges, p. 4; Hydraulics, p. 9; Materials of En- 
gineering, p. 10 ; Mechanics and Machinery, p. 12 ; Steam 
Engines and Boilers, p. 14.) 

Baker's Masonry Construction Svo, $5 00 

" Surveying Instruments 12mo, 3 00 

Black's U. S. Public Works... Oblong 4to, 5 00 

Brooks's Street-railway Location 16mo, morocco, 1 50 

Butts's Civil Engineers' Field Book 16mo, morocco, 2 50 

Byrne's Highway Construction 8vo, 5 00 

'* Inspection of Materials and Workmanship 16mo, 8 00 

Carpenter's Experimental Engineering 8vo, 6 00 

Church's Mechanics of Engineering— Solids and Fluids. .. .8vo, 6 00 

** Notes and Examples in Mechanics Svo, 2 00 

Ci-andall's Earthwork Tables Svo, 1 50 

* * The Transition Curve 16mo, morocco, 1 50 

♦Dredge's Penn. Railroad Construction, etc. Large 4to, 

half morocco, 20 00 

* Drinker's Tunnelling 4to, half morocco, 25 00 

Eissler's Explosives — Nitroglycerine and Dynamite Svo, 4 00 

Folwell's Sewerage Svo, 3 00 

Fowler's Coffer-dam Process for Piers Svo. 2 50 

Gerhard's Sanitary House Inspection 12mo, 1 00 

Godwin's Railroad Engineer's Field-book 16mo, morocco, 2 50 

Gore's Elements of Geodesy Svo, 2 50 

Howard's Transition Curve Field-book 16mo, morocco, 1 50 

Howe's Retaining Walls (New Edition.) 12mo, 1 25 

Hudson's Excavation Tables. Vol. II Svo, 1 00 

Hutton's Mechanical Engineering of Power Plants Svo, 5 00 

Johnson's Materials of Construction Large Svo, 6 00 

Stadia Reduction Diagram. .Sheet, 22i X 2Si inches, 50 

" Theory and Practice of Surveying Small Svo, 4 00 

Kent's Mechanical Engineer's Pocket-book 16mo, morocco, 5 00 

Kiersted's Sewage Disposal 12mo, 1 25 

Mahan's Civil Engineering. (Wood.) Svo, 5 00 

Merriman and Brook's Handbook for Surveyors 16mo, mor., 2 00 

Merriman's Geodetic Surveying Svo, 2 00 

*• Retaining Walls and Masonry Dams Svo, 2 00 

** Sanitary Engineering Svo, 2 00 

Nagle's Manual for Railroad Engineers 16mo, morocco, 3 00 

Ogden's Sewer Design. {In (he press.) 

Patton's Civil Engineering Svo, half morocco, 7 50 

8 



Patton's Foundations 8vo, |5 00 

Pratt and Alden's Street-railway Road-beds 8vo, 2 00 

Rockwell's Roads and Pavements in France 12mo, 1 25 

Searles's Field Engineering 16mo» morocco, 3 00 

" Railroad Spiral 16mo, morocco, 150 

Siebert and Biggin's Modern Stone Cutting and Masonry. . .8vo, 1 50 

Smart's Engineering Laboratory Practice * 12mo, 2 50 

Smith's Wire Manufacture and Uses Small 4to, 8 00 

Spalding's Roads and Pavements 12mo, 2 00 

*' Hydraulic Cement 12mo, 2 00 

Taylor's Prismoidal Formulas and Earthwork .8yo, 1 50 

Thurston's Materials of Construction 8vo, 5 00 

* Trautwine's Civil Engineer's Pocket-book. . . .16mo, morocco, 5 00 

* '* Cross-section Sheet, 25 

* • * Excavations and Embankments 8vo, 2 00 

* *' La3ring Out Curves 12mo, morocco, 2 50 

Waddell's De Pontibus (A Pocket-book for Bridge Engineers). 

16mo, morocco, 8 00 

Wait's Engineering and Architectural Jurisprudence 8vo, 6 00 

Sheep, 6 50 

*' Law of Field Operation in Engineering, etc . . . .8vo. 

Warren's Stereotomy— Stone-cutting 8vo, 2 50 

*Webb's Engineering Instruments .16mo, morocco, 50 

New Edition 125 

Wegmann's Construction of Masonry Dams 4to, 5 00 

Wellington's Location of Railways Small 8vo, 5 00 

Wheeler's Civil Engineering 8vo, 4 00 

Wolff's Windmill as a Prime Mover. . . *. 8vo, 8 00 



HYDRAULICS. 

Water- WHEELS — Windmills — Service Pipe — Drainage, Etc. 

{See also Engineering, p. 7.) 

Bazin's Experiments upon the Contraction of the Liquid Vein. 

(Trautwine.) 8vo, 2 00 

Bovey's Treatise on Hydraulics 8vo, 4 00 

Coffin's Graphical Solution of Hydraulic Problems 12mo, 2 50 

Ferrel's Treatise on the Winds, Cyclones, and Tornadoes. . .8vo, 4 00 

Fuertes's Water and Public Health 12mo, 1 50 

Ganguillet ife Kutter's Flow of Water. (Heriiig & Trautwine.) 

8vo, 4 00 

Hazen's Filtration of Public Water Supply 8vo, 2 00 

Herschel's 115 Experiments 8vo, 2 00 
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Kiersted's Sewage Disposal 12mo, $1 25 

Mason's Water Supply 8vo, 5 00 

" Examination of Water 12mo, 1 25 

Merriman's Treatise on Hydraulics.. 8vo, 4 00 

Nichois's Water Supply (Chemical and Sanitary) 8vo, 2 50 

Wegmann's Water Supply of the City of New York 4to, 10 00 

Weisbach's Hydraulics. (Du Bois.) 8vo, 5 00 

Whipple's Microscopy of Drinking Water 8vo, 3 50 

Wilson's Irrigation Engineering 8vo, 4 00 

Hydraulic and Placer Mining 12mo, 2 00 

Wolff's Windmill as a Prime Mover 8vo, 3 00 

Wood's Theory of Turbines 8vo. 2 50 

MANUFACTURES. 

Boilers— ExPLosivKs— Iron— Steel— SuGAK — Woollens, Etc. 

Allen's Tables for Iron Analysis 8vo, 3 00 

Beaumont's Woollen and Worsted Manufacture 12mo, 1 50 

Bolland's Encyclopaedia of Founding Terms 12mo, 8 00 

The Iron Pounder 12mo, 2 50 

" •* " " Supplement 12mo, 2 50 

Bouvier's Handbook on Oil Painting 12mo, 2 00 

Eissler's Explosives, Nitroglycerine and Dynamite Svo, 4 00 

Fodr's Boiler Making for Boiler Makers 18mo, 1 00 

Metcalfe's Cost of Manufactures 8yo, 5 00 

Metcalf 's Steel— A Manual for Steel Users 12mo, 2 00 

♦Reisig's Guide to Piece Dyeing 8vo, 25 00 

Spencer's Sugar Manufacturer's Handbook . . . .16mo, morocco, 2 00 
" Handbook for Chemists of Beet Sugar Houses. 

16mo, morocco, 3 00 

Thurston's Manual of Steam Boilers 8vo, 5 00 

Walke's Lectures on Explosives 8vo. * 4 00 

West's American Foundry Practice 12mo, 2 50 

*• Moulder's Text-book 12mo, 2 50 

Wiechmann's Sugar Analysis Small 8vo, 2 50 

Woodbury's Fire Protection of Mills 8yo, 2 50 

MATERIALS OF ENQINEERINQ. 

Strength— -Elasticity— Resistance, Etc. 
{See also Engu^berikg, p. 7.) 

Baker's Masonry Construction 8vo, 5 00 

Beardslee and Kent's Strength of Wrought Iron 8vo, 1 50 

Bovey's Strength of Materials 8vo, 7 50 

Burr's Elasticity and Resistance of Materials 8vo, 5 00 

Byrne's Highway Construction .8vo, 5 00 
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Church's Mechanics of Engineering— Solids and Fluids 8vo, 

Du Bois's Stresses in Framed Structures Small 4to, 

Johnson's Materials of Construction 8vo, 

Lanza's Applied Mechanics 8vo, 

Martens's Materials. (Henning. ) 8vo. {In the press.) 

Merrill's Stones for Building and Decoration 8vo, 

Merriman's Mechanics of Materials 8vo, 

** Strength of Materials 12mo, 

Patton's Treatise on Foundations 8vo, 

Rockwell's Roads and Pavements in France 12mo, 

Spalding's Roads and Pavements 12mo, 

Thurston s Materials of Construction , 8vo, 

'* Materials of Engineering 8 vols., 8vo, 

Vol, I., Non-metallic 8vo, 

Vol. II., Iron and Steel 8vo, 

Vol. III., Alloys, Brasses, and Bronzes 8vo, 

Wood's Resistance of Materials 8vo, 

MATHEMATICS. 

Calculus— Gbometky — Trigonometry, Etc. 

Baker's Elliptic Functions 8vo, 1 50 

Ballard's Pyramid Problem 8vo, 1 50 

Barnard's Pyramid Problem 8vo, 1 50 

♦Bass's Differential Calculus 12mo, 4 00 

Briggs's Plane Analytical Geometry 12mo, 1 00 

Chapman's Theory of Equations 12mo, 1 50 

Comptou's Loganthmic Computations .12mo, 1 5b 

Davis's Introduction to the Logic of Algebra 8vo, 1 50 

Halsted's Elements of Geometry c..8vo, 1 75 

*' Synthetic Geometry 8vo, 1 50 

Johnson's Curve Tracing 12mo, 1 00 

** Differential Equations— Ordinary and Partial. 

Small 8vo, 3 50 

" Integral Calculus 12mo, 1 50 

«• " " Unabridged. Small 8vo. 

{In the press.) 

" Least Squares : 12mo, 1 50 

♦Ludlow's Logarithmic and Other Tables. (Bass.) 8vo, 2 00 

* * ' Trigonometry with Tables. (Bass. ) 8vo, 3 00 

♦Mahan's Descriptive Geometry (Stone Cutting) 8vo, 1 50 

Merriman and Woodward's Higher Mathematics 8vo, 5 00 

Merriomn's Method of Least Squares .8vo, 2 00 

Parker's Quadrature of the Circle 8vo, 2 50 

Rice and Johnson's Differential and Integral Calculus, 

2 vols, in 1, small 8vo, 2 50 
II 



Rice and Johnson's Differential Calculus Small 8yo, |8 00 

" Abridgment of Differential Calculus. 

Small 8vo, 1 50 

Totten's Metrology '. 8vo, 2 50 

Warren's Descriptive Geometry 2 vols., 8vo, 3 50 

" Drafting Instruments 12mo, 1 25 

•* Free-hand Drawing 12mo, 1 00 

•• Higher Linear Perspective 8vo, 3 50 

•* Linear Perspective 12mo, 1 00 

" Primary Geometry 12mo, 75 

Plane Problems 12mo, 1 25 

** Problems and Theorems 8vo, 2 50 

** Projection Drawing 12mo, 1 50 

Wood's Co-ordinate Geometry 8vo, 2 00 

** Trigonometry 12mo. 100 

Woolfs Descriptive Geometry Large 8vo, 8 00 

MECHANICS-MACHINERY. 

Text-books and Practical Works. 
(See also Enoinebring, p. 7.) 

Baldwin's Steam Heating for Buildings 12mo, 2 50 

Benjamin's Wrinkles and Recipes 12mo, 2 00 

Chordal's Letters to Mechanics 12mo, 2 00 

Church's Mechanics of Engineering 8vo, 6 00 

" Notes and Examples in Mechanics 8vo, 2 00 

Crehore's Mechanics of the Girder 8vo, 5 00 

Cromwell's Belts and Pulleys 12mo, 1 50 

Toothed Gearing 12mo, 1 50 

Compton's First Lessons in Metal Working 12mo, 1 50 

Compton and De Groodt's Speed Lathe 12mo, 1 50 

Dana's Elementary Mechanics 12mo, 1 50 

Dingey's Machinery Pattern Making 12mo, 2 00 

Dredge's Trans. ExhibiU Building, Worid Exposition. 

Large 4to, half morocco, 10 00 

Du Bois's Mechanics. Vol. I., Kinematics 8vo, 8 50 

Vol. IL, Statics 8vo. 4 00 

Vol. III., Kinetics 8vo, 3 60 

Fitzgerald's Boston Machinist 18mo, 1 00 

Flather's Dynamometers 12mo, 2 00 

Rope Driving 12mo. 2 00 

Hall's Car Lubrication 12mo, 1 00 

Holly's Saw Filing 18mo, 75 

Johnson's Theoretical Mechanics. An Elementary Treatise 
(In the press.) 

Jones's Machine Design. Part I., Kinematica. 8vo, 1 50 
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Jones's Machine Design. Part II., Strength and Proportion of 

Machine Parts, 8vo, $3 00 

Lanza's Applied Mechanics 8vo, 7 50 

MacCord's Kinematics Svo, 5 00 

Merriman's Mechanics of Materials 8yo, 4 00 

Metcalfe's Cost of Manufactures '. 8vo, 6 00 

*Michie's Analytical Mechanics 8vo, 4 00 

Richards's Compressed Air 12mo, 1 50 

Robinson's Principles of Mechanism 8yo, 3 00 

Smithes Press-working of Metals 8vo, 8 00 

Thurston's Friction and Lost Work 8vo, 3 00 

The Animal as a Machine 12mo, 1 00 

Warren's Machine Construction 2 vols., 8vo, 7 50 

Weisbach's Hydraulics and Hydraulic Motors. (Du Bois.)..8vo, 5 00 
** Mechanics of Engineering. Vol. III.. Part I., 

Sec. L (Klein.) , 8vo, 5 00 

Weisbach's Mechanics of Engineering. Vol. III., Part I., 

SecIL (Klein.) 8vo, 5 00 

Weisbach's Steam Engines. (Du Bois.) 8yo, 5 00 

Wood's Analytical Mechanics 8yo, 8 ¥> 

** Elementary Mechanics. 12mo, 1 25 

" *' " Supplement and Key 12mo, 125 

METALLURGY. 

Ikon— Gold— Silver— Alloys, Etc. 

Allen's Tables for Iron Analysis 8vo, 3 00 

Egleston'c Gold and Mercury Large 8yo, 7 50 

" Metallurgy of Silver Large 8vo, 7 50 

* Kerl's Metallurgy— Copper and Iron 8yo, 15 00 

♦ •* *• Steel, Fuel, etc 8vo, 15 00 

Kunhardt's Ore Dressing in Europe 8vo, 1 50 

Metcalf's Steel— A Manual for Steel Users 12mo, 2 00 

O'Driscoll's Treatment of Gold Ores. 8yo, 2 00 

Thurston's Iron and Steel. 8vo, 3 50 

Alloys 8vo. 2 50 

Wilson's Cyanide Processes. 12mo, 1 50 

MINERALOGY AND MINING. 

Mike Accidents— Ventilation— Ore Dressing, Etc. 

Barringer's Minerals of Commercial Value. . . .Oblong morocco, 2 50 

Beard's Ventilation of Mines 12mo, 2 50 

Boyd's Resources of South Western Virginia 8vo, 3 00 

** Map of South Western Virginia Pocket-book form, 2 00 

13 



Brush and Penfield's Determinative Mineralogy. New Ed. 8vo, 

Chester's Catalogue of Minerals 8vo, 

Paper, 

' ' Dictionary of the Names of Minerals. 8vo, 

Dana's American Localities of Minerals Large 8vo, 

* ' Descriptive Mineralogy. (E . S. ) Large hal f morocco, 

** Mineralogy and Petrography. (J. D. ) 12mo, 

" Minerals and How to Study Them. (B. 8.) 12mo, 

•* Text-book of Mineralogy. (E. S. ). . . New Edition. 8vo, 

* Drinker's Tunnelling, Explosives, Compounds, and Rock Drills. 

4to, half morocco, 

Egleston's Catalogue of Minerals and Synonyms 8vo, 

Eissler's Explosives — Nitroglycerine and Dynamite 8vo, 

Hussak's Hock- forming Minerals. (Smith.) Small 8vo, 

Ihlseng's Manual of Mining 8vo, 

Kunhardt's Ore Dressing in Europe 8vo, 

O'Driscoll's Treatment of Gold Ores 8vo, 

♦ Penfield's Record of Mineral Tests Paper, 8vo, 

Rosenbusch's Microscopical Physiography of Minerals and 

Rocks. (Iddings.) .8vo, 

Sawyer's Accidents in Mines Large 8vo, 

Stockbridge's Rocks and Soils 8vo, 

Walke's Lectures on Explosives 8vo, 

Williams's Lithology 8vo, 

Wilson's Mine Ventilation 12mo, 

** Hydraulic and Placer Mining 12mo, 

STEAM AND ELECTRICAL ENGINES, BOILERS, Etc. 

Stationary— Marine— Locomotive — Gas Engines, Etc. 
(See also Engineering, p. 7.) 

Baldwin's Steam Heating for Buildings 12mo, 2 50 

Clerk's Gas Engine Small 8vo, 4 00 

Ford's Boiler Making for Boiler Makers 18mo, 1 00 

Hemen way 's Indicator Practice 12mo, 2 00 

Hoadley's Warm-blast Furnace 8vo, 1 50 

Kneass's Practice and Theory of the Injector 8vo, 1 50 

MacCord's Slide Valve 8vo, 2 00 

Meyer's Modern Locomotive Construction 4to, 10 00 

Peabody and Miller's Steam-boilers 8vo, 4 00 

Peabody's Tables of Saturated Steam 8vo, 1 00 

*' Thermodynamics of the Steam Engine 8vo, 5 00 

" Valve Gears for the Steam Engine 8vo, 2 50 

Pray's Twenty Years with the Indicator Large 8vo, 2 50 

Pupin and Osterberg's Thermodynamics 12mo. 1 25 
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Beagan's Steam and Electric Locomotives. 12mo, 92 00 

KOntgen's Thermodynamics. (Du Bois. ) 8vo, 5 00 

Sinclair's Locomotive Running. 12mo, 2 00 

Snow's Steam-boiler Practice 8vo. (in the press.) 

Thurston's Boiler Explosions 12mo, 1 50 

" Engine and Boiler Trials 8vo,^ 5 00 

" Manual of the Steam Engine. Part I., Structure 

and Theory 8vo, 6 00 

*' Manual of the Steam Engine. Part XL, Design, 

Construction, and Operation 8vo, 

2 parts, 
Thurston's Philosophy of the Steam Engine 12mo, 

" Reflection on the Motive Power of Heat. (Camot.) 

12mo, 

V Stationary Steam Engines 8vo, 

" Steam-boiler Construction and Operation 8vo, 

Spangler's Valve Gears 8vo, 

Weisbach's Steam Engine. (Du Bois.) 8vo, 

Whitham's Constructive Steam Engineering 8vo, 

*' Steam-engine Design 8vo, 

Wilson's Steam Boilers. (Flather.) 12mo, 

Wood's Thermodynamics, Heat Motors, etc 8vo, 

TABLES, WEIGHTS, AND MEASURES. 

For Actuaries, Chemists, Engineers, Mechanics— Metric 
Tables, Etc. 

Adriance's Laboratory Calculations 12mo, 1 25 

Allen's Tables for Iron Analysis 8vo, 3 00 

Bixby's Graphical Computing Tables Sheet, 25 

Compton's Logarithn s 12mo, 1 50 

Crandall's Railway and Eai'thwork Tables 8vo, 1 50 

Egleston's Weights and Measures .18mo, 75 

Fisher's Table of Cubic Yards Cardboard, 25 

Hudson's Excavation Tables. Vol. II 8vo, 1 00 

Johnson's Stadia and Earthwork Tables 8vo, 1 25 

Ludlow's Logarithmic and Other Tables. (Bass.) 12mo, 2 00 

Totten's Metrology 8vo, 2 50 

VENTILATION. 

Steam Heating — House Inspection— Mine Ventilation. 

Baldwin's Steam Heating 12mo, 2 50 

Beard's Ventilation of Mines 12mo, 2 50 

Carpenter's Heating and Ventilating of Buildings .8vo, 3 00 

Gerhard's Sanitary House Inspection 12mo, 1 00 

Reid's Ventilation of American Dwellings 12mo, 1 50 

Wilson's Mine Ventilation 12mo, 1 25 
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MISCELLANEOUS PUBLICATIONS. 

Alcott's Gkms, Sentiment, Language Gilt edges, 

Bailey's The New Tale of a Tub 8vo, 

Ballard's Solution of the Pyramid Problem 8vo, 

Barnard's The Metrological System of the Great Pyramid. .8vo, 

Davis's Elements of Law Svo, 

Emmon's Geological Guide-book of the Rocky Mountains. .8vo, 

Ferrel's Treatise on the Winds 8vo, 

Haines's Addresses Delivered before the Am. Ry. Assn. ..12mo. 
Mott's The Fallacy of the Present Theory of Sound. .Sq. 16mo, 

Perkins's Cornell University Oblong 4to, 

Ricketts's History of Rensselaer Polytechnic Institute 8vo, 

Rotherham's The New Testament Critically Emphasized. 

12mo, 
" The Emphasized New Test. A new translation. 

Large 8vo, 

Totten's An Important Question in Metrology 8vo, 

Whitehouse's Lake Mceris Paper, 25 

* Wiley's Yosemite, Alaska, and Yellowstone 4to, 3 00 

HEBREW AND CHALDEE TEXT-BOOKS. 

For Schools and Theolooical Seminaries. 

Gresenius's Hebrew and Chaldee Lexicon to Old Testament. 

(Tregelles.) Small 4to, half morocco, 5 00 

Green's Elementary Hebrew Grammar 12mo, 1 25 

** Grammar of the Hebrew Language (New Edition). 8 vo, 8 00 

** Hebrew Chrestomathy 8vo, 2 00 

Letteris's Hebrew Bible (Massoretic Notes in English). 

8vo, arabesque, 2 25 

MEDICAL. 

Bull's Maternal Management in Health and Disease.. . . . . .12mo, 1 00 

Hammarsten's Physiological Chemistry. (Mandel.) 8vo, 4 00 

Mott's Composition, Digestibility, and Nutritive Value of Food. 

Large mounted chart, 1 25 

Ruddiman's Incompatibilities in Prescriptions 8vo, 2 00 

Steel's Treatise on the Diseases of the Ox 8vo, 6 00 

Treatise on the Diseases of the Dog .8vo, 8 60 

Woodhuirs Military Hygiene 16mo, 1 50 

Worcester's Small Hospitals — Establishment and Maintenance, 
including Atkinson's Suggestions for Hospital Archi- 
tecture 12mo, 1 26 
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